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PREFACE. 



The following work is chiefly designed for juvenile 
readers, and for those who have hitherto acquired but 
a slender acquaintance with the general facts of astro- 
nomical science. With this view, the attention of the 
reader is, in the first place, directed to the general 
aspect and the apparent motions of the heavens, in 
order that he may be induced to contemplate with his 
own eyes the -appaj-ent movements of the celestial vault, 
in all its variety of aspects, as beheld in different coun- 
tries and at different seasons of the year. Without 
such observations, the student of astronomy can never 
acquire a clear and accurate view of the economy of 
the solar system and the phenomena it presents ; and 
therefore such personal observations are particularly 
recommended to all the lovers of astronomical science. 

This work is a different one from "Celestial Scenery," 
though in some points there must necessarily be a cer- 
tain coincidence. The statements of the distances, 
magnitudes, and general appearances of the planets 
must necessarily be the same in both; but the particular 
descriptions, remarks, and moral and religious reflec- 
tions are different. A great variety of subjects likewise 
is introduced which are not noticed in " Celestial Sce- 
nery," such as the following : — the figure of the Earth 
— view of its surface, atmosphere, and the method of 
finding its dimensions — celestial phenomena arising 
from the annual motion of the earth — the destination 
of the earth and the final cause of its creation — motions 
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and aspects of the superior planets — general remarks 
on the solar system — method of acquiring an approxi- 
mate idea of a million of units — the doctrine of Eclipses, 
with tables and descriptions of the most remarkable 
eclipses of the sun and moon — descriptions of the sea- 
sons of the year, and their characteristics in different 
countries — Reflections, moral and religious — history of 
astronomy— explanation of astronomical terms, &c. On 
these and various other topics a considerable variety of 
interesting facts and sketches will be found more or less 
illustrated. 

One great object which the author has uniformly 
kept in view, has been to lead the minds of the young 
from the creature to the Creator, and to direct them to 
contemplate his attributes as displayed in the motions, 
magnitudes, and mechanism of the heavens, and to ren- 
der their views of creation subservient to their moral 
and spiritual improvement, and to their preparation for 
a higher sphere of existence — an object which should 
always be kept in view in our contemplation of the 
works of God. 
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SOLAR SYSTEM. # 



INTRODUCTION. 



Of all the sciences which are the subject of. human study 
and investigation, Astronomy must be admitted to be the most 
interesting and sublime. It teaches us the motions, the mag- 
nitudes and distances of the heavenly bodies*— their diversi- 
fied phenomena, the laws^by which they are directed in their 
varied movements, and the grand designs they Are intended 
to fulfil in the vast system of the universe. 

The objects with which: this science is conversant are so 
grand and marvellous — surpassing every thing that could 
have been imagined in the infancy of science— that they tend 
to enlarge the field of human contemplation, to expand to an 
indefinite. extent the conceptions of the human intellect, and 
to arouse the attention and excite the admiration even of the 
most incurious and uncultivated oiinds. The vast magnitude 
of the heavenly bodies, so far surpassing what could be con- 
ceived by their appearance to the unassisted eye ; their in- 
calculable numbers j the immense velocity of their motions, 
and the astonishing forces with which they are impelled in 
their career through the heavens ; the attractive influence 
they exert upon each other, at the distance of hundreds of 
millions of miles; and the. important ends they are destined 
to accomplish in the universal empire of Jehovah ; present to 
the human imagination a scene, and a subject of contempla- 
tion^ on which the soul of man .might expatiate with increas- 
ing wonder and delight, during an indefinite series of ages. 

Even to a common observer, the heavens present a sublime 
and elevating spectacle.. He beholds an immense concave 
hemisphere of unknown dimensions, surrounding the earth in 
eyery region, and resting as it were upon the circle of the 
horizon. From every quarter of this vast expanse— when 

Digitized by LjOOQ IC 



12 INTEODUCTION. 

the shades of night have spread oyer the earth— rhe beholds 
numerous lights dismayed, proceeding* onward in- solemn 
silence, varying their aspects at different seasons, moving with, 
different degrees of, velocity, shining with different degree* 
of splendour, and all calculated to inspire admiration and awe. 
Wherever he travels abroad, either on the surface of the land 
or of the ocean, this celestial vault still' appears encompassing* 
this lower worfd^ and, after travelling thousands of miles, it 
arrears stiH-the t same, and seems to make nd nearer an ap- 
proach than . when the journey commenced. While con- 
templating this wonderful expanse witk ftie eye of reason 
and imagination, the mind is naturally led into a boundless 
train of speculations and inquiries. Where do these mighty 
heavens begin, and whejre do they end? Can imagination 
iathom their depth, or human calculations, or figures, express 
rheir extent ? Have the highest created berags ever winged 
cheir flight across the boundaries^ tfre firmament! Can angels 
measure the dimensions of those heavens, or explore them 
throughout all their departments t Is there a boundary to 
creation beyond which the energies of Omnipotence are un- • 
Known, or does it extend throughout the infinity of space f 
fs the immense fabric of the universe yet 'completed, or is ; 
Almighty Power still operating throughout the boundless 
dimensions of space, and new creations. stiil starting into ex- 
istence ? > 

Such views and inquiries haVe a tendency to lead the mind 
to sublime and interesting trains of thought and reflection, 
and to afford scope #r the noblest "energies and investigations 
of the human intellect. A serious contemplation of the 
heavens opens to the* 'mental eye a glimpse- of orbs of incon- 
ceivable magnitude and grandeur, and arranged in multitudes ' 
which no man can number, which have diffused ' their radi- 
ance on our world during hundreds t>f generations. It opens 
a vista which, carries our views into the regions of infinity, 
and exhibits a sensible display of the /immensity of space, and 
of the boundless operations of Omnipotence: u demonstrates 
the existence of an eternal and incomprehensible Divinity, 
who presides in all the grandeur of his attributes over an j 
unlimited empire; Amidst the silence anl the solitude of the * 
midnight scene, it inspires the soul with* jsblemn awe, and - 
with reverential emotion's; it excites astonishment, admira- 
tion, and wonder, aiwj. nas a tendency tp enkindle the fire of 
devotion, and to raise the affections to that ineffable Being 
who presides in high authority over all the movements of the' 
universe. It teaches us the littleness of man, the folly of 
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pride and ambition, and of all that earthly pomp and splendour 
with which mortals" are so enamoured— ^and that our thoughts 
and affections ought to .soar above all the sinful pursuits, and 
transitory- enjoyments; of this sublunary scene. 

Such being the views and the tendencies of this science, it 
ought to be considered as bearing an intimate relation to reli- 
gion, and worthy the study of every enlightened Christian. 
It has been said, and justly, by a celebrated poet, that "An 
undevout astronomer is ma^. The evidence of a self-e*- 
istent and eternal Being, whose wisdom is inscrutable, and 
whose power is uncontrollable, is so palpably manifested in 
the arrangement and the motions of the celestial orbs, that it 
cannot but make an indelible impression on every rational 
and reflecting mind. Though theheavenly bodies have " no 
speech nor language," though they move round the earth in ' 
silent grandeur, "and "their voice is -not heard" in articulate 
sounds, yet " their line is gone throughout alj the earth, and 
their words to the end of the world" — proclaiming to every 
attentive spectator, that " The hand .that made them is Di- 
vine." So 'that^ there is scarcely a tribe, or nation, on the 
face. of the earth" so inattentive and barbarous as not to have 
deduced this cpnclusion from a survey "of the movements of 
the' celestial- orbs. " Men," says Plato, " began to acknow- 
ledge a Deity, when they' saw* the stars maintain so great a 
harmony, and tjre days and nights throughout all the year, 
both in summer and winter, to observe their stated risings 
and settings." Another heathen philosopher, Cicero, thus 
expresses his sentiments on . this point : "What can be so 
plain arid clear as, when we behold' the heavens, and view 
th£ celestial bodies, that we' should conclude there is some 
Deity of a most; excellent mind by whom these things are 
governed — a present and Almighty God. Which, he that" 
doubts of, I do not understand why he should not as well 
doubt whether there be a sun that shines, and enlightens the : 

world.*' ' .■"",'*. 

The sacred "Scriptures, in numerous instances, direct our 
attention to this subject. "The heavens," says the psalmist,- 
"declare the 'glory of God;" that is they manifest his wisdom 
and power, and beneficence to the inhabitants of the world ; 
— "the firmament showeth forth," or publicly declareth, "his 
handiwork." "Day\unto day uttereth speech, and night 
unto night showeth knowledge. There is no speech nor lan- 
guage where their voice is not heard." In reference to that 
department of creation which astronomy explores, it may be 
said with pecufiaiv propriety, in the language of Scripture 
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"The works of the Lord are great, sought out of all them 
that have pleasure therein." Throughout the volume of in- 
spiration, our attention is frequently directed to the contem- 
Elation of the heavens: "Lift up thine eyes on high, and be- 
old who hath created these things. — r fhe everlasting God, 
the Lord, the Creator of the ends of the earth, who fainteth 
not, neither is weary ; there is no searching of his under- 
standing.— He bringeth out their host by number, and calleth 
them all by names: by the greatness of his might, for that he 
is strong in power; not one failethf. — It is he that sitteth upon 
the circle of the earth, and the inhabitants thereof are as 
grasshoppers. — All nations before him are as nothing;, and 
they are counted to, hinr less than nothing, and vanity."— 
"Hearken unto this, O Job: stand still, and consider the won- 
drous wofts of God." ~ 

Hence it appears, that it is not to be considered merely as 
a matter of taste, or as a rational amusement, but as an im- 
perative duty, to contemplate the works of the Most High, and 
especially the manifestations of his Dower and Godhead which 
the heavens display— that we may derive more enlarged con- 
ceptions of his glorious attributes, and be enabled to render to 
him that tribute of adoration and praise which is due to his- 
name. For it is represented as one of (be characteristics of 
the ungodly that^while "the harp, and the viol, and the tabret, , 
and pipe, and wine are in their feasts,— they regard not the 
work of the Lord, neither consider the operation of his hands ;" 
and consequently "he will destroy them, and not build. them 
up." It is therefore the incumbent duty of the young ; of 
every professing Christian ; and of every rational inquirer, 
not only to-study the facts, doctrines^ and duties exhibited in 
the system of Divine revelation, but also to contemplate the 
manifestations of the. Creator aa exhibited in the system of 
creation. They are both revelations of the same almighty 
and beneficent Being— emanations from the same adorable 
Divinity ; and the views and Instructions they respectively 
unfold, when studied with reverence and intelligence, are in 
perfect harmony with each other.. The study of both com- 
bined, is calculate^ to make the man of .GocT perfect, and . 
"throughly furnished unto all good works." 

In the following small volume, it shall be our endeavour to 
direct the general reader in the study of some of those objects 
which the heavens unfold; and we shall chiefly select those 
parts of astronomical, soience which are most level to the com- 
prehension -of those who have had little opportunity of en- 
gaging in scientific pursuits. In' the, present volume, it is 
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proposed to confine ourselves chiefly to a description of the 
Solar System, and the phenomena it exhibits, together with a 
few instructions as to the best mode of contemplating the ap- 
parent motions and the diversified aspects of the firmament. 
- The discoveries which relate to the sidereal heavens — the 
general arrangement of the "fixed stars, their distances and 
magnitudes^-the facts which have been discovered respecting 
new stars— variable stare — double and triple stars— the. milky 
way — the different orders of the nebulae— arid a variety of 
other topics connected with such objects, will form materials 
for another volume sirojlar to the present! 

In the mean time we may just remark, that all the wonders 
we behold, botn in the heavens above, and in the earth below, 
demand our serious attention and devout ..contemplation. 
They are all $he" workmanship of that great and adorable 
Being in whom " we lfveand move ;? who at first*' spake, and 
it was done;" who^gave the command, and the whole of this 
stately fabric of neaven and earth started into being*. It is 
the same God who created the planets and the host of stars, 
and that conducts them in all their rapid motions; who is 
also "the God and Father of our Lord Jesus Christ," and 
«« the Author of eternal salvation" to all who obey him. All 
these works (iisplay his infinite power, his unerring wisdom, 
•and this riches of his' beneficence ; and demand from every 
beholder that tribute K)f praise, reverence, and "adoration which 
is due to Him "who created all things, and for whose plea- 
sure they are and were created." 



CHAPTER I. 

ON THE GENERAL ASPECT, AND THE APPARENT MOTIONS 
* ^OF THE HfcAVENS. 

Previous 'to entering on the study of astronomical science, 
and the phenomena of the solar system, it is requisite that 
the young inquirer should be directed to contemplate the 
general aspect of the heavens, and the apparent motions of 
the different bodies which present themselves, to view in the 
regions of the firmament. No pne can enter with intelligence 
on the- study of astronomy, or acquire an accurate idea of its 
elementary principles, and of the arrangement and motions 
of the planetary bodies, unless he lias been led to observe, 
with his own eyes, the apparent* and more obvious pheno- 
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mena and aspects of the celestial orbs, as' they present them- 
selves to the view of any common and attentive spectator. 
For although the real motions, of the heavenly bodies are, in 
many instances, very different from jheir apparent move- 
ments-, and although many of them appear to move while 
they are absolutely at rest, yer it is necessary that their ap- 
parent motions and appearances • should be accurately in- 
spected, in order that, in the progress of investigation, we 
may be enabled to determine what bodies are really in. mo-' 
tion, and what only appear to be in motion,^ in consequence 
of the motions of other bodies. In order to .direct the untu- 
tored observer on this point, -the following observations artf 
stated. 

SECTION I.— ON THE APPARENT MOTIONS OF THE HEAVENS 
DTTRINO THE DAT. ' 

In the first place, let us consider the appearance of the 
heavens as seen in the daytime. Sometiifies it happens for 
days, and even for weeks together, .that- the sky is overcaqt 
with an assemblage of sable clouds covering the whole face 
of the firmament/ In which -case no celestial orb makes its 
appearance ; but the light transmitted through the clouds and 
reflected from their under surfaces, indicates that some lumi- 
nous orb, the fountain of light, is above our horizon, and far 
beyond the upper region of the clouds, thought its form and 
splendour cannot be perceived. At other times the concave 
of the sky appears. of an azure colour, where scarcely a speck 
of cloud is to be seen—^Hke a boundless desert,, where no 
celestial orb makes its appearance— as at the dawning of the 
morning, when the aurora makes its appearance in the east. 
This faint light gradually increases, rising higher arid higher 
in its brightness, a prelude of something still more grand and 
refulgent. The clouds near the horizon are tinged with pur- 
ple and vermilion, and the mountain tops are clothed with 
brightness. At -length, the dislr of the sun disengages itself 
from the horizon by degrees, till the" whole of his orb appears, 
to view, and ascends the heavens with hiaiestic grandeur. 
The sun is the only object which, during the -day,~ appears 
conspicuous to the naked eye ; for although the moon is fre- 
quently visible in the daytinte, yet she then appears with no 
greater brilliancy than a small cloud of the same size, and is 
scarcely noticed by a common observer. 

The apparent movements of r the sun appear very different 
at different seasons of the year, and in different regions of the 
globe. In describing these apparent motions, we shall sup 
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tfee ourselves, in the first instance, in the latitude of. fifty-two 
degrees north, which is nearly the latitude of Ubndon and 
several other large town? in England. -Tie sun's apparent 
motions in this latitude wfll he nearly tjbe same as when he is 
-viewed from Holland, Denmark. Scotland, Nova Scotia, Cana- 
da, and the northern statqs*of America. Suppose we begin our 
observations in winter, about the 21st December, when the 
days in our northern hemisphere are shortest. In this case, 
turning our eyes to the' south-east quarter of the sky, a .little 
after eight o'clock in the mornjhg, we shall see the sun rising 
nearly on the south-eastern point of the compass, and gra- 
dually ascending -the celestial vault. ,In about four hours, he 
comes to the meridian, or due south, the highest point of his 
elevation at that season,; after which .he, gradually descends 
towards the' west, and sets in the south-western part of the 
heavens, about four in the afternoon, having described a com- 
paratively, small arc- of a circle above the horizon. At this 
timet when he arrives at the meridian, or the highest point 
of his diurnal course, he is only about fourteen degrees above 
the horizon.* , It, after this period', the point, at which the 
sun rises be. obeerveaVit will be found a little to the north- 
ward, eyery day, from- the point at which he rose before. On 
the 21st of March, the sun rises due east, about forty-five 
degrees to the north of the point at which he rose on the 21st 
of December. The time of his rising is exactly six in the 
morning ; six hours afterwards, he passes the meridian, at 
an elevation of thirty-eight degrees ; and sets due. west, at 
six o'clock in the evening. At this time, the. day and the 
night are of an equal lengm, namely, twelve hours each. 

If; again, we view the rising sun on the 21st *)f June, we 
shall find that he rises near the north-east, forty-five degrees 
farther to the northward than on the 21st of Match. At this 
period, the sun descries a large circuit around the heavens ; 
rising fifteen minutes before four in the morning, and ad- 
vancing to an elevation of more. than sixty degrees at noon- 
day ; after which, he declines towards the west, and sets near 
the, north-west quarter of the heavens, about a quarter past 
""" ■ - - ' > - 

* The circumference 1 pf the . heavens, as wejl as that of the earth, is 
divided by astronomers info three hundred and sixty parts called de- 
grees: consequently, the -distance frpm the horizon to the zenith, or the 
point directly above our heads, is* ninety degrees, or the one r fourth of the 
circumference of a circle. When, therefore, the sun is said to be -elevated 
abcve the horizon fourteen degrees, it means, that he has risen to an 
altitude little more than the one^ixth part of the distance from the hori- 
zon to the zenith. The apparent breadth of the sun or moon is a very 
little -more than half a degree. - 
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eight in: the evening. The length of the day, at this jtime, is 
about sixteen and a half hours ; and as bis' course during the 
nigbt is not for below the horizon, there is no absolute dark- 
ness during the absence of the sun ; and his_ course may be 
traced by observing the motion of the Jwiligbt,, or thVaurora, 
gradually proceeding to the northern point of the heavens, 
and from that point to the northeast, where the solar orb 
again emerges from the horizon. After this period* the sun 
begins, every succeeding day, to rise, in points nearer the 
south, and to take less extensive circuits round the heavens, 
till the $3d of September* wjben he again rises on the east- 
ern point of the horizon, and sets in the west, which is the 
time of the autumnal equinox, when day and night are equal. 
From this period the sun gradually verges to points of the 
horizon south of the east, at the time of his rising, and the 
days rapidly shorten, till he again arrives near the south- 
eastern quarter of the heavens, where he is seen to rise on 
the 21st of December. Such are some of the apparent mo- 
tions of the sun, in our quarter of. the globe, throughout the 
different seasons of the- year ; and every one who resides in 
the country has an opportunity, every cle^r day, of observing 
these diversified movements. , 

Besides the motions to which we have now adverted, there 
is another apparent motion of the sun, in a contrary direction, 
which is seldom noticed by a common observer. Every day 
the sun has an apparent motion from west to east, at the rate 
of nearly a degree each day ; and in the course of a year, or 
365 days, .5*, -48*, and 51% he makes a complete circuit 
around the heavens. This motion manifests itself xhiefly by 
the appearance of the heavens during the night. Iffin the 
morning, some time before sunrise, we view those stars 
which are. near the point of the horizon where the sun rises, 
in a week or twoj we shall find that the same stars are 'more 
elevated near^hq time of sun-rising than before, and farther 
distant from him, indicating that he is- moving through the 
heavens towards the east, and leaving these stars as it were 
behind him. If, again, in the evening,, we mark those stars 
which are a little above the point of the setting sun, we shall 
find that every evening they make a nearer approach to the 
place where the sun goes down ; till, after a short period, 
tjiey approach so near this luminary as to be overpowered 
with his rays, and can no longer be seen, still indicating that 
the sun is approaching towards the east. 

Perhaps the best way of tracing this is to mark: *he dif- 
ferent positions of the Pleiades, or. seven stars, with respeu, 
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to the sun. About the rniddle of January, at 6ight o'clock m 
the evenings the seven- stars are seen nearly on the meridian, 
which observation- should ; De noted down, for the purpose of 
being compared with future observatjons. .On Ahe. 1st of 
March, at ihe same hour, these stars will be seen nearly 
halfway between, the meridian and the. - western horizon, 
while all the other stars, at- the same elevation, will be found 
to have made a similar progress. About the 15th of April, 
they will be seen, at the same hour, very near the north- 
western horizon ; and every day after this, they will appear 
to make a nearer approach to that part of the 'heavens in 
which the sun appears, till, being ? overpowered by the 
splendour of his rays, they cease to be visible. From these 
and similar observations^ it will be easily, perceived that the 
sun has an apparent motion through the* circle of the heavens, 
and that the revolution is completed m the course of a year. 
The circle which the sun thus describes is called the Ecliptic, 
and is divided into twelve signs,' and three hundred and sixty 



The apparent motions of the sun appear somewhat different, 
when viewed from different regions of the earth. Were we 
placed in countries under the equator, such as at Borneo, 
Sumatra, the Gallipago isles, Quito, -and other parts of South 
America*- the stih at noon woujd shine directly from the 
zenith, at r fhe \wne of the equinoxes, at which time objects 
would have no shadows,- At all other times, the sun will 
appear either in the northerner- the southern quarter of the 
heavens. During the one-half of the year, he shines from 
the north^ and the Shadows of objects fall 'to the south: 
during the other half,- he shine% from the- soufh, and the 
shadow* of objects are projected to the north ;* a circumstance 
which can nevex occur in our country, or in any part of the 
temperate zones. At the equator, too, there is a perpetual 
equality of day& and nights-throughoirt the year ; the twilight 
is shortest, arid thendarkness of night, rapidly succeeds the 
setting of the sunr - - 

Were we placed in southern ,latitudes*-*for example, a{ the 
Cape of QoodHope, New Sputh. Wales, 01* Buenos Ayres, in 
South America — instead of oehokling the sun moving along 
the southern part of-th6 heavens, from the left hand to the 
right, as in our country, we should see him directing his 
course along the northern part of the sky, from the right hand 
to the left: In mother respects, his apparent motions would 
nearly resemble those already described excepting that when 
the sun isr^iighest ^at mid-day to us, he appears lowest to the' 
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inhabitants of theee countries ; their winter happening at the 
time of our summer. . W.ere we placed in Lapland, Green- 
land or other countries within the polar circle, the sun, in 
winter, would be absent for. weeks aid even for months to- 
gether ; and in summer he would ghine without intermission, 
for a corresponding portion of tune ^ appearing every day to 
make a complete circle round the heavens, but' never de- 
scending below the horizon during: the lapse of six /weeks, or 
even three or four months. Could we suppose ourselves 
placed at the north pole, the motion of the s.tu> would* present 
a different aspect from any of those now descrjbed^ On the 
21st of March, we should see a portion of the. sun's disk ar> 
pear in the horizon,. after a long,, night, of six months*. This 
portion of the sun would appear to move quite round the 
horizon every twenty-four - hours ; it would gradually rise 
higher and higher till the whole orb of the jsun made its ap- 
pearance. . As the season advanced, the sun would appear 
to rise higher, and higher, till, on the 21st of June, he attained, 
the altitude of twenty-three » and a half degrees above the 
horizon ; af^er which, his altitude weulcL gradually decline 
till the 23d of September, when he would .again appear in 
the horizon. During the, whole of this period of six months, 
there is perpetual day ; the stars are never seen, and the sun 
appears to go .quite round ihe heavens every twenty-four 
hours without setting, h\ circles nearly parallel with the 
horizon. 

Such are some of the motions and aspects of the sun, as 
viewed at different seasons of the year, and from different 
parts of the earth. Let it he carefully remembered that 
these motions are not'reai, but only apparent* While pre-. 
senting all these diversified aspects and movements ' to spec- 
tators placed in different positions, it can be proved that the 
sun is, notwithstanding, a quiescent body in. the centre of the 
planetary system. k By the rotation of the, earth found its 
axis from west to east every twenty-four hours, and by its 
revolution round the sun every year, all the apparent motions 
we have hitherto described' are produced, and completely 
accounted for, as we shall afterwards show, when we come 
to illustrate the evidences which prove that the earth on 
which we dwell is a moving body. '~ - 

When we view the sun pursuing his course through the' 
heavens in a clear and serene sky, we are apt to imagine 
that there are no other celestial bodies diffusing their- rays 
above our horizon. This, however, is Jar from being the 
case In the full blaze of day* there are as many stars, £t an 
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ai5eiftge,*aTo^tod u^ in the firmament, as are beheld in a clear 
sky'at the hour of midnight ; bttt their light is bverpowered 
oy the vmore brilliant splendour, of the siin. By means of 
equatorial telescopes,, which can be made to point to any par- 
ticular part of the heavens, all the larger stars of the firma- 
ment may be seen even at noonday, while the suri is shining 
in all his splendour; nay, there is scarcely a star visible to 
the naked eye, during night, but may l>e^ seen in this way 
during*the blaze of day v and its exact position m the heavens 
pointed out. During a total r eclipse of the sun, -when- the 
moon interposes ^ her ; dark body between us and the sun, 
flome of the planets and the larger stars have appeared as 
distinctly ,acs at midnight; but the moment the moon has 
passed a little over the disk of the sun, and a glimpse of his 
beams has shone out, their feeble light becomes undistin* 
gukhable, and they are no longer perceived. Sometimes, 
tdo, it happens that stars have been seen fronr the bottom of 
deep wells and mines, when large ones happen to pass near 
4he zenith during the day,' and- the planet Venus, when 
brightest, lias frequently been, seen with the naked eye, in 
the daytime, when at no great distance from the sun. Thus 
it appears that the'sun passes through the heavens every day 
with stars all around 'him, although invisible to the unassisted 
«ye-7-just as the moon, during night, is«een surrounded with 
Stars, which 'the fainthess of her light is not sufficient to 
overrfcywer.* Hence ji happens that astronomers^can trace . 
the exact path of the sun among the stars, every day, during 
his apparent annualpircuk round the heavens. They can 
tell wliat stars are near and- around the sun 4 what clusters 
he is leaving behind him, to- what other clusters he is ap- 
proaching; what stars or planets are neaT his margin^and 
what stars are behind his luminous globe, with as much ac- 
curacy as if they were all visible to the naked eye, as at 
midnight. <- . , - 

SECT* H. OU* THE APPARENT MOiflOtfS OF THB HEAVENS 

* BURING NIGHT. 

When a careless observer, on a clear evening, gazes upon 
the firmament, he beholds a number of shining points, -some 
of them; far more brilliant than others, dispersed throughout 

•The author has frequently seen, by the equatorial telescope, in the 
daytime, .not only numerous stars of the first, second,- and third, magni- 
tudes^ in regions of the firmament 4 at a distance from the sun, but, has 
perceived the planet Venus, w^en immersed in the . sun's" effulgence, 
and when it was within a degree of the margin of that luminary. 
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every region of the^sky ; but he cannot teH whetbe- they ap- 
pear to move br to remain in" a fixed positiorf ; whether* they 
shift theirpositions with respect to each other ; whether they 
rise and set; whether all the stars visible at six o'clock in 
the evening are also seen at midnight, or whether the same 
clusters are. to be seen in summer ad in winter. There are 
thousands and v millions of mankind who have occasionally 
gazed on the starry vault who Could give no reply to such 
interrogations, Such is the apathy with which the -most won- 
derful works of God are viewed by the great bulk of mankind ; 
although only a few days or hours of serious observation would 
be sufficient to solve some of the questions to which we allude. 
In order to illustrate the apparent motions of the heavens, 
let us suppose ourselves placed in a situation which command* 
an extensive view of the sky, about the beginning of January, 
at eight o'clock in the evening. -At this period, on a serene 
evening, when the sky is destitute of clouds, a sublime and 
beautiful spectacle presents itself to view, as some pf the most 
brilliant constellations, are theaabove the horizon. We behold 
a vast hemisphere expanding over our heads, whose centre 
we seem to occupy, and which appears to rest upon our hori- 
zon. Above and around us, on every hand/ a multitude of 
brilliant orbs, of various degrees of splendour, display their 
radiance. But whether they are in motion, or at rest„does 
not appear at the first glance-. We must make different ob- 
servations, and wait for some time till their motion, or rest, 
be discovered. To ascertain this, point, let us fix on a par- 
ticular star, or a cluster of stars, ancj bring it in contact with 
- a church spire, a chimney top, the twig of a tree, or any ele- 
vated object, and our fine of. vision, and in a short time we 
shall find jt has moved onwards to the west, while "we have 
remained stationary in our position. Or, if we direct a com- 
mon telescope to any star, and 'fix the instrument ,in one posi- 
tion, in~ a few minutes the star will have passed from the field 
of view to the Westward. If we look at a star near the hori 
zon in the west, in a few minutes it will sink beyond the 
limits of our view," and disappear^ If we mark any particu- 
lar star just risen abov§ the eastern horizon, in an hour or 
two it will be seen Considerably elevated above its former 
position, and every minute rising higher and higher. If we 
look at any bright star rising due east, about six o'clock in 
the evening, at twelve, midnight, it wiil be on the meridian, 
or due south,. at an elevation of "thirty-eight degrees, and at 
six o'clock next morning, it will be seen setting at the west- 
ern point of the horizon. In like manneiy any other star 
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rising towards tlfe east, north-east, or south-east, if carefully 
observed, will be found to rise gradually till it come to the 
meridian, and then decline in a western direction, till it set 
either- in the West, north-west, or south-west. , If it rise in 
the north-east, it Will set ni the north-west, and if it rise in 
the south-east, it will set in the south-west ; in the former 
case describing a larger, and in the latter a lesser portion of a 
circle, in the sphere of the heavens. 

The following are some varieties which may be observed 
in tho apparent motions^of the stars*. . If you Ipok towards the 
south, you will 'observe *some stars just appearing ^above the 
horizon, grazing this- circle, as it were, but not rising above 
it, arid then vanishing. If you observe a group a little tp the 
east of the soUth, you will find them rising above the horizon, 
makings, small arch, and then going down a hjtle to the west 
of the meridian. If you mark another group rising much 
farther to the east, you Will find • these* describing a much 
laTger arch, and taking a much longer time before they go 
down. to, the westward of the meridian. . If now you turn 
your face to the northern part of the sky, you will nnd some 
stars that jusf -skim the horizon, at certain times, near the 
north point, and .then gradually mount up to the top of heaven, 
till they come nearly over head, and then* descend, and again 
nearly touch the northern horizon, and' ascend again Without 
ever disappearing, describing a complete circle above the 
horizon. Such are the brighj stars Vega, Capella, and seve- 
ral others. Other stars that are higher than these, when seen 
near the northern horizon, likewise describe complete circles 
in the sky, without approaching the horizon ; and these circles 
gradually dimmish, fill at last you arrive at a star which seems 
scarcely to move fronvthe point where it is stationed— all the 
rest seemmg-to circulate around it as a centre. This is called 
the Pole 'Star, which, to a common observer, never seems to 
vary its position ; and; in the latitude we have supposed, is 
elevated more than fifty degrees above the northern horizon. 
The tiftie occupied by the stars how alluded to, in completing 
their circles* is about twenty-four hours, or, more accurately* 
is twenty-three hours, fifty-six minutes^ and four seconds, 
and they all. finish* their revolutions in exactly the same period 
of time. "- ( - * * 

For the illustration of what has been now stated, let us sup- 
pose ourselves to be viewing the northern quarter of the 
heavens, about the beginning of November, at eight o'clock 
in the evening. At this time, the Great Bear, or Ursa Ma- 
jor, will appear near the lowest part of its course, not far from 
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the northern part of the horizon. 1 refer to this constellation, 
because it is generally known, "even to common observers, 
and is sometimes distinguished by the name* of "the'Plqugh," 
and of "Charles's Wain." That. part of the. constellation 
which is generally recognised, consists of seven bright stars, 
of which the four towards the right form a kind of irregular • 
square, and the three stars "stretching out from it to the left 
form a kind of irregular curve. Ip the following figure; (fig, 
1,) this constellation is represented in four positions 

Figwl. 




Immediately above* the letter S, in the lower part of th* • 
figure, are two stars, forming the right side of the square,, the 
uppermost of which is called Dubbe, and the lower one Me- 
rak. They are about five degrees distant from each other, 
and are most frequently known by the name of ^ the Point- 
ers," because they always point towards the pole star. Tim 
pole star is represented in tne central part of the figure ; it is 
about twenty-nine degrees-M)r nearly -six times the distance 
of the two pointers^ftom Dubbe, and in whatever posftion ■ 
this constellation may happen to be, these two stars always 
point to the pole star, which is the first bright star in a line 
with the pointers, at the proportional distance exhibited iii the 
engraving ; and by attending to this circumstance, the pole 
star may at all times be distinguished. Such is the position . 
of this constellation at eight o'clock in the evening of the 1st 
of November. If now we view this constellation, about eleven , 
o'clock the same evening, St a few evenings afterwards r we- 
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shall find that it has moved considerably to^rards the east, 
and to a higher elevation ; and at two o'clock the next morn- 
ing, it will be seen in* the position represented at E, with the 
pointers, still directed to the pole star. At eight o'clock in 
the morning* it will be seen at N, when it will appear in the 
ienith, with the pointers pointing downward towards the 
pole. At two o'clock in the afternoon, if it could then be 
seen, it wUl appear as represented at W, ta the west of the 
pole," and the pointers pointing eastward to the poiar star; 
and again, about eight id the'evening it will return nearly to 
its farmer position at S. \ - " ^ 

Again, this constellation appears . in different positions, at 
the same hotfr, at different seasons of theryear. We have 
seen that, in the beginning of "November, at eight o'clock in 
the evening; it appears as' represented jaif S ; in the beginning 
of February, at the same : hour, k will appear as" represented 
at£j in the beginning of May, as exhibited at N; and in 
the beginning of August, at ttiVsanie hour* as' represented 
at W. ' .> *' > ■" ,.*;-- 

In order that none of my readers may fall into any mis- 
takes, from what has heen now stated, I may be permitted to 
mention the following" anecdote : — A few years ago, I pointed 
out in the heavens, to a lady of my acquaintance, the con- 
stellation pf'the Great Bear, and showed her holy she might 
mark its positions at 'different times, a&d its % apparent revolu- 
tion" round the pole star. About a year afterwards*, she told 
me she had carefully made" the .observations, te which I had 
directed her, and found them to correspond to what I had 
stated. She appeared, bowever^to have paid no attention to 
any other stars, but those of the Great Be^ar ; and on putting 
several questions to her oft the subject, F found that she con- 
ceived of the motion of the GTeat Bear as if it had been a 
huge mpnster' pursuing its way through the midst of the sur- 
rounding stars, as if they had all been at rest, without appa- 
rently shjftingj their position — somewhat like albugo animal 
pursuing its 'wa^ through a crowd, "whilst every individual 
of the crowd remained nearly in the fame position. Now, 
tha.t my readers may : not fall into the same mistake, let it be ' 
carefully remembered that all the stars in the neighbourhood 
of the pole have the same apparent -motions' and revolutions 
, as theS Great Bear, all moving in concert, but some of them 
describing larger, and others smaller circles, around the polar 
point, and all completing their revolution in the same time, 
namely, in twenty -four ^hours; 

Having represented* the pole star in the centre of the en- 
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graving, to* prevent mistakes, it may Be proper to mention, 
that this star, although* to a common observer, it appears in a 
fixed position, is not exactly m the polar point : it is at present 
one degree and thirty-two minutes from the north pole of the 
heavens, and revolves around it every day in a circle of about 
three degrees in diameter.. This motion may be 1 perceived 
by placing a telescope in a fixed position, and directing it to 
this star, when we shall find thai, after ah hour or two, it w, ill 
have moved out of the field of view. There is no star exactly 
at the polar point; and this is called ^he^pejar star, because it 
is the nearest bright star to the north pole of the heavens. It 
forms the tip of the tail, or the extremity* of UmuMinot, or 
the Lesser Bear, which likewise consists of seven stars, ar- 
ranged very nearly in the shape of the Greater Bear, but in 
a reverse order. This constellation, which is much nearer 
the pole than Ur$a Major, may be seen ^evolving around it, 
in the same manner as we have described above, but the, stars 
of which it is composed arte much smaller, and not so .easily 
distinguished as those of Ursa Major. When the Great 
Bear is at its lowest position, as at S, (fkg. 1,) the square of 
the Lesser Bear is considerably to the westward, and the four 
stars, of which k is composed, are directly above the tail of 
the Great Bear, at the distance- of about twenty degrees, as 
at A. - , . ; 

Let us now suppose ourselves contemplating the southern, 
eastern, and western parts of the heavens, about the. begin- 
ning of January, at nine o'clock, in the evening. At this 
time we shall see the seven stars, a very little to the west of 
the meridian, and at a very high elevation* Next to this 
cluster* on the east, but a little lower, is Aldeburan y or the 
Bull's Eye, a ruddy star of the first magnitude, in the con- 
stellation of Taurus. South by east of Aldebaran* and consi- 
derably below it, is "the spletndid constellation of Orion, distin- 
guished by foujr bright stars forming an irregular square, or 
parallelogram, in the middle of which are three bright stars 
in a straight line, at equal distances from each other. This 
is one of the most splendid constellations in the heavens,, and 
is distinguished by almost every common observer by the 
three stars now mentioned, which form the belt of Orion, or 
what Job calls "the bands of Orion," and are sometimes 
known by tte names of *nhe thxee Kings," " the Yard," and 
"the -Lady's Elwand." South-east from Orion* at a low 
elevation, is the star Sinus-, belonging to Cams Major, or the 
Great Dog, which is considered the most brilliant fixed star 
in the heavens. * North-east from Sirius, at a higher elcw 

Digitized by V^iOOQIC 



&m,i& ProcroDt, a bright staar in Vim* Minor or the Little 
Dog. Norta from Procyon* at a much higher altitude, are 
the. bright stars Castor. and Pollux, belonging to the constella- 
tion Gemini* » If, then, three hoars after having made these 
observations, or about midnight, we vie$v\ the face of the 
heavens* we shall find a / coasiderable alteration in the posi- 
tions oi* ihe stars and constellations to which we hare referred. 
The seven stars withthen be found to have moved halfway 
between the meridian and 4he western horizon, followed by 
Aldebaran, which is then a considerable distance past the 
meridian to the westwards *Fhe* constellation, Orion is like- 
wise westward of the ^meridian, and the bright star Sirius, 
which Jwas formerly in the south-east, is now nearly due 
south, ^rocyon, and Castor and Pollux, which, at nine 
o'clock, were a great way towards* the east, are, at midnight, 
not far from the^m^ridiaiv and at a much higher elevation. 
All which circumstances t show that the various clusters of 
stars, in the eastern, southern, and western portions of the 
heavens, haVe a regular and uniform apparent motion from 
east to west. , ^ 

Such are some of the general appearances of the heavens, 
as viewed in pur northern latitude; but, in several other 
quarters of the globe, their aspects will appear somewhat dif- 
ferent. Wer€fwe placed under the equator, in the island of 
Sumatra* or about Quito^in South America, we should be- 
hold all tha stars-in the firmament proceeding in their courses 
from east to wast. Air the stars would appear to rise and 
set, and none of them would- describe Gardes above the hori- 
zon, as some of them appear to do in our northern region. 
The" north pole^whicji, in our latitude, is at a high elevation, 
would appear in the northern point of the horizon, and the 
south pole Would, at the same time; be visible in the opposite 
quarter of the heavens.' In our latitude, we cannot perceive 
above two-thirds of the v stars which may be seen in the firma- 
ment, but,. at the equator, all the visible stars of heaven may 
be perceived. During, the space of twenty-fojir hours they 
aH pass along above the horizon.. The on§-half of them, in- 
deed, cannot be seen on account of the light of day, but, in 
the course of a. yeajr, tKey are all visible. Were we placed 
m Van Dieraen's Land, or at the Cape of Good Hope, we 
should behold multitudes of stars which are never visible in 
4>ur latitude, and^ne constellations-of the Great and Little 
Bears, Cassiopeia, and other clusters, would be no longer 
visible. Could we take our station at theno^th l pokr of the 
earth, the stars> would appear neither to rise or $et, nor yet 
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to stand still. All (he stars risible from this point would ap- 
pear to move round the Ilea verm above the horizon, in parallel 
circles, every twenty-four hours ; and all that could ever he 
seen in such a situation might be perceived every hour and 
minute, in a clear sky> when the sun is absent. • But, from 
this point, only one-half of the firmament is visible, and none- 
of the stars belonging to Ihe other half ever rise above the 
horizon. " ' - 

SEC. III.-r-CONCLUSIONS DEDUCED FROM THE PRECEDING FACTS 
, - AND OBSERVATIONS. 

An intelligent spectator, after baving observed the variorts 
aspecta of the heavens aoove described, will naturally in* 
quire— 'Whence come those stanr which are seen gradually 
emerging from the eastern horizon ? Whither* have those 
stars gone which have sunk" beneath the western horizon?. 
And what becomes of those stars during the light of day, 
which shine with so- much splendour during the shades of 
night? A little reflection on the subject will soon suggest, 
that the stars which are seen rising above the eastern hori- 
zon, come from another hemisphere of the heavens, which. is 
invisible from the point on which we standi and Which we 
are apt to imagine is below the hemisphere, which we behold 
above us ; and when they set in the west, return to that 
hemisphere again ; and that the reason why the stars are not 
visible during the day, is because their light is overpowered 
by the more vivid splendour of the sun. - We are also na- 
turally led to conclude, from such appearances, that the world 
in which we dwell is suspended in empty space, and is sur- 
rounded on all sides, above and below, by ^he expanse of the 
firmament, in which the sun, moon, planets, and stars appear 
to perform their diversified motions-and revolutions^ A*other 
conclusion which may be deduced from the- preceding' obser- 
vations, is* that the whole sphere of the heavens performs an * 
apparent revolution round our- world ; carrying,^ it were, 
all the stars along with it inf the space of twenty-four hours. 
Whether this motion be real, or only apparent, requires to 
be determined by certain rational considerations, and from the 
harmony and order which appear to be characteristic of the 
works if the Creator ^ to which subject we sWi particularly- 
direct our attention in the following chapter. 

In the mean time, we may remark, that such general views 
of the motions of the starry firmament as we have already 
taken, have a tendency to expand the intellectual faculties, 
and to elevate the mind to the contemplation of some Great 
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Invisible Power, by which such mighty movements aie ton* 
ducted. When we behold the vast concave of the sky, with 
all its radiant orbs, moving in majestic grandeur around our 
globe, an idea of sublimity and almighty energy irresistibly 
forces itself upon the mino, which throws completely into the 
shade the mightiest efforts of human power,— so that the 
most stupendous machines ever constructed by human art 
can afford no assistance in forming a conception of that in- 
comprehensible Power, which sustains and carries forward 
in their course thousands of spacious worlds. The shining 
orbs which the firmament displays are evidently placed at an 
immense distance from the earth, and consequently are bodies 
of an immense size ; and if the apparent motions to which we 
have %ad verted were real, the swiftness with which they 
would 'fly through the regions of space would exceed all hu- 
man calculation and conception. But. whether these motions 
be real or apparent, we find motions actually existing among 
the wbe of heaven which astonish and overpower every ra- 
tional and contemplative mind. The very circumstance, that 
motions, s© sublime appear in the expanse of the firmament,' 
is a demonstrative proof that motions of a wonderful and 
incomprehensible nature exist somewhere ; and the ideas of; 
majesty, of grandeur, and of bmnjpotent energy, which this 
single circumstance is calculated to inspire, are such as irre- 
sistibly to Jea4 the mind to the contemplation of a Being 
whose' perfections are incomprehensible, and whose " ways 
are past finding out." 

It does, not require a scientific knowledge of astronomy in 
order that the mind,, may be impressed with sentiments of ad- 
miration at the movements which appear throughout the uni- 
verse. For the works of God, when contemplated it* any 
point of view, or on any theory, or hypothesis we may form, 
appear, like himself, wonderful, magnificent, and iucompre* 
hensible. The motions to-which we have chiefly alluded, are 
either, in the earth or in the beavens. If these'motions really 
exist m the, heavens, the mind is overpowered with astonish- 
ment at the idea of thousands and ten's of thousands of vast 
globes of light, at immense distances, every day revolving 
around us with amazing velocity. If the motion chiefly 
exist in the earth, then we are still overwhelmed with, wonder 
at the idea of -a .globe containing two hundred milftons of 
square miles, with its mighty continents and oceans, and its 
numerous population, whirling around its axis every day, at 
the rate of a thousand miles an hour, and; in its course round 
the sun, flying whh a velocity of eleven hundred and thirty 



30 MOTION OF THE- BABTH. 

miles every minute! There is no alternative but that of ad- 
mitting either the one or the other of these, motions; and 
whatever view we take of this subject, or in whatever light 
we contemplate the phenomena of the v heavens, we are 
almost irresistibly led to exclaim, "Great and marvellous are 
thy works, Lord God Almighty !" "Who can utter the mighty 
operations of Jehovah !" ** The Lord God omnipotent reign- 
eth !" The idea of a Being who thus* incessantly displays 
such amazing energies demands from all his intelligent off- 
spring a tribute of reverence and adoration, of gratitude and 
praise. , \ 



CHAPTER II. 

.ON THE FIGUBB AND MOTIONOF J WB EAHTH. 

1 < ■ ' 

SEC. I. — ON THE FIGURE OF THE EARTH, AND THE ARGUMENTS 
WHICH PROVE THAT IT IS NEARLY IN THE SHAPE Off A GLOBE, 

In the preceding chapter, we have given a description of 
the principal motions which appear in the heavens, both by 
day and by night. Every one, however illiterate, who has 
i desire to study "jhe wonderful works of God," has" an op- 
portunity, if he please, to observe most of the motions and 
phenomena to which we have adverted, provided he, live m 
the country, or in a spacious street or square. Those who 
live in the narrow and dirty lanes and courts of London, 
Liverpool, Manchester* and other populous cities and towns, 
have no scope for making such observations, unless they 
occasionally retire to the open fields ; and hence it is that 
the inhabitants of such, places seldom know any thing of the 
general, aspects either of the earth or of the heavens. It is, 
however, the incumbent duty of every man, and particularly 
of every Christian,, to contemplate, witn an eye of intelli- 
gence and devotion, the operations of the Most High, in order 
that he may be enabled to "praise Htm/for >his mighty acts*" 
and ♦* according to his excellent greatness."' And the man 
who will not give himself thc.trouble of occasionally.devotinjr 
an hour or two to such studies and observations, virtually de- 
clares that the works pf his Creator are unworthy of his con- 
templation ; and consequently, that he deserves to remain in 
ignorance of the- most sublime objects of creation, and of the 
most glorious manifestations of \he Divinity. 
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Before rjroceedmg to a particular description of the planet- 
ary system; it is requisite thai we should acquire clear and 
definite -views of the figure and motions of this earth, on 
which' we reside ; without which the general frame of the 
universe, and the order and arrangement of the solar system, 
cannot he appreciated ot understood. . 

'For a long period, during the dark ages, and the infancy 
of science, the world in which we dwefl was. considered as 
the largest hody in the universe. It was supposed to be an 
immense plain; diversified with a, few inequalities, caused by 
the mountains and vales ; and that it stretched out in every 
direction to an unlimited extent, and was bounded on all 
sides l>y the sky. What was below this immense mass of 
land and water; and how it was supported, none could tell ; 
though some of the Christian fathers strenuously asserted 
that the earth Was 'extended infinitely downwards* and esta- 
blished upon several foundations. Such were the -absurd 
and foolish opinions of those who viewed the system of nature 
through a false medium, and who were ignorant of the facts 
and principles of modern- science. . It is only within the pe- 
riod of the last three hundred years that the true figure and 
dimensions of the earth have been accurately ascertained. 
This figure is now found to be that of an oblate spheroid, 
very nearly approaching to the sbape of a globe, or sphere. 
That this is in reality the form of our world will appear from 
the following considerations. 

1. When,, on a calm day, we Jake our station on the sea- 
shore, we shall perceive that the surface of the water is not 
quite plane, but a little convex, or rounded ; and if we happen 
to be on one side of an arm of the sea, two or three.miles broad, 
if We place our eyes hear the water, and look towards the 
opposite coast, -we shall plainly see the water elevated be- 
tween our eyes and. the opposite coast ; so as to prevent our 
seeing theobjects^ which' are near the edge of the water. If 
we make the same experiment on a lake of two or three 
miles in extent, a small boat near the end of the lake may be 
seen by a man who is at some height above the water; but 
if we lay our eye near the surface, the view of. the boat will 
be intercepted by the convexity of the water, which shows 
that the lake is a small segment of a globe. 

2. When .we view a ship taking its departure from the 
coast in any direction, as it retires from our view we may 
perceive the masts and rigging of the vessel when the hull 
ha* disappeared, and has sunk* as it were, beyond the bound- 
ary of otur sight. First w> lose sight of the null, then of tho 
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sails, arid, last of all, of the topmast; On the other hand, 
when a ship is approaching the shore, the first part of it 
which is visible, when at a considerable distance, is* the top- 
mast; as it approaches nearer, the sails begin to be seen; 
and last of all the hull gradually corpes within the limits of 
our sight — but the vessel will pass over several miles, of the 
sea, from the time of our first perceiving the topmast till the 
hull appears. * In order to make such observations with accu- 
racy, it is requisite that a -telescope should be used. What 
is it, then, that prevents the hull of a ship from being per- 
ceived when its topmast* are visible? It is evidently the 
round, or convex surface of tha water rising up, as it were, 
or interposing between our -eye and the lower part of the 
ship,. when it has receded a certain distance. Wow, as sock 
appearances are observed oiTevery sea and ocean on tjie Rice 
of the earth, it follows that the ocean at large* is a convex sur*» 
face, or a portion of a globe ; and ifHbe ocean be globular, so 
also is the land— notwithstanding that the hills and mountains 
form a few inequalities on its surface — for the portions of the 
land are all nearly on a level With the ocean, with ihe excep- 
tion of the ranges of elevated mountains. 

What ha* been now stated may be ilhistrated by the fol- 
lowing figure, {fig. %) in which the convex surface of the 
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globe is represented. At D a person is represented as stand- 
ing on the top of a, tower; and from that elevation he is 
enabled to see both the topmast and the hull of the ship E ; 
which is 6 vid en V because right fines can oe drawn without 
interruption from the eye, both to the topmast and to thehulL 
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Whereas a line drawn from the eye to the hull of the. ship F, 
which js at a greater distance, is intercepted by the convex 
surface of the water interposing, and consequently the hull is 
invisible; but a line drawn from the 'eye to .the higher parts _ 
of the vessel showsthat the topmasts are visible, because light, 
when passing through the same medium, flows in straight 
lines from every object. In conformity with what has been 
now stated, we find that the higher the eye is placed, the 
farther wilt the view -be extended. From, a lofty mountain 
we obtain a much more distant and extensive, prospect than 
from the plain below; and hence it is common for sailors to 
ascend to the top of the ship's mast, when they wish .to descry 
objects, at the greatest distance ; aa from such an elevation 
they can discover land, or other, ships, at a greater N distance 
than when they stand on deck. On the other hand, were 
the surface of the sea a level plain, as represented in fig. 3, 
the appearances would be very different- A line might be 
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drawn from any object- situate upon it,, as the shy? D^to the 
eye, whether it were placed high or low, at A or at B. In 
this case* any object upon the earth or sea would be visible at 
any distance which was> riot so ; great as to .make the appear- 
ance of it too faint or smalLto be perceived. An object 
would be visible at the same distance ivhether the eye were 
high pr low. The largest, and not the highest, objects w,ould 
be visible at the ^greatest distance. The topmast .of a ship 
would first disappear, and the hull, as being the largest body, 
would be longest visible ; but this is contrary to all experi- 
ence, The considerations npw adduced are, therefore, clear 
tnd: decisive proofs that the earth is not an extended plain, 
ut a globular body ; and it is astonishing that such a con- 
clusion, was hot generally drawn till a few centuries before 
the present age. • , 

3. That the earth is^round from east ^o west, appears from 
actual- experiment; for many navigators, by mailing in a 
westerly direction, have gone quite round it from east to west. 
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They hare set sail fram England, cro w e d the Atlantic, 
rounded Cape Horn, sailed along the Great Pacific ocean to 
the northern coasts of New Holland, crossed^ the Indian sea* 
and passing the Cape of Good Hope, have again arrived, by- 
traversing the Atlantic, to the port whence they set out. This 
experiment therefore shows that the earth is round from east 
to west ; but it does not prove that it is also round from north 
to south ; for it has neverbeeh actually circumnavigated in 
that direction, on account of the obstruction caused to navi- 
gation by the immense masses of ice within the polar regions* 
Had we therefore no other proof of the earth's rotundity than 
this, we might be apt to suppose ft somewhat resembling the 
shape of a cylinder. But that the earth is in reality round 
from north to south, appears from the. following . circum- 
stances. When \ve travel a considerable distance from north- 
to south, or from south to north, a number of new stars succes- 
sively appear in the heavens in the -quarter to -which we are, 
advancing, and many of those in the opposite quarter gradu- 
ally disappear. For example, in sailing toward the south, 
when we approach the equator the brilliant constellation called 
the Cross maizes its appearance, which is always invisible in 
this country ; and if we go still farther south, the constella- 
tions of the Great Bear, Cassiopeia, and other stars visible in 
our northern sky, will entirely disappear ; which could not 
happen if the earth were a plane in that direction ; for, in 
this case, all the stars of heaven would be visible in every 
point from the north pole to the south. 

4» Another corroborative proof of the earth's globular 
figure ia this : in cutting for a canal, in order to have the. 
water on a level, certain allowances require, to be made for 
the earth's rotundity. The slope requisite to be made on thia 
account is about eight inches in the mile,-thirty-two inches in 
two miles, and soon, increasing as the square of the distance. 
If the earth were a plane, no allowances, of this kind would 
be requisite, in order that the water in a long 'canal might 
stand on a level. \ 

6. The phenomena exhibited in eclipses of the moon pre- 
sent to the eye e clear demonstration that the earth is of a 
spherical form. It is well known that an eclipse of the moon, 
is produced by the intervention of the body of the earth be- 
tween the sun and the moon, which can only happen at the 
time of full moon, in which case,.the shadow of the earth falls 
upon the moon. This shadow is found in all .cases, and in 
every position of the earth and moon, to be of a circular 
figure, or the segment of a eircla, as the whole shadow can. 

Digitized by V^iOOQlC 







not be seen at one time; Thus, let A B (fig. 4) represent the 
moon while an eclipse is going- cm, -and C D the shadow of the 
fearth r which- is much- larger than' the diameter of the moon, 
in every stage of the progress of an eclipse, the curye A B of 
the earth's shadow isjlisiinetly perceived passing along the 
disk of the moon. ,But the entire shadow t)f the earth is not 
seen r because there js no bright object on which the whole of it 
can fail ; only that part of it which covers the moon being visible. 
But since this^ shadow, always appears a portion of a circle, it 
proves, incontestahly, that tne whole mass of land and water, 
of which the earth is composed, is nearly of a globular form. 

-If, therefore, we admit that the earth is of a globular form, 
it necessarily foHows that it may be inhabited 6n alT sides, and 
consequently, that those who Jhre on the opposite side of the 
globe must have their feet pointing towards our feet, and 
their heads pointfng4ii an opposite direction. Thus, in fig. 
8, the person standing at A has his feet pointing to the feet 
of the one standing at B, arid their heads pointing to regions 
of space directly opposite ; and therefore if, by any motive 
power, they were to be /carried forward in- the J direction to 
which their heads pbint T and the power to be continued, they 
would never meet through all eternity. The same may be 
said in reference to the persons supposed to be placed at C 
and D. -• It alstf follows, that, could we suppose a hole bored' 
through the centre Of the eartti, commencing at the point 
where we now stand, and extending to the opposite side, it 
would 'terminate at our antipodes, and would measure nearly 
eight thousand miles. It likewise follows that this globe of 
uand and water 3s either suspended in empty ,°^ace, or is^ 
moving round its axis every day, or flying with immense 
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velocity round the sun every year. l Whichever of these 
suppositions' we hold to be tfue, a wonderful and sublime 
idea is conveyed to the mind. If we suppose the earth at 
rest in empty space, we have presented to view a globe — 
containing 264 millions of cubical .miles, and weighing, at 
least, 2,200,000,000,000,000,000,000, or more than two thou- 
sand trillions of tons — resting upon nothing — suspended in 
the midst of infinite space, and surrounded by the immense 
bodies of the universe, with no material support but the invi- 
sible arm of Omnipotence, poising its immense mass of con- 
tinents and oceans, and preventing it from sinking into the 
depths of infinity. If we suppose it to be turning round its. 
axis, and revolving, at the same time, round the sun, then we 
have presented to view a still more astonishing idea — a 
globe, of the huge dimensions now stated, with its numerous 
population, flying through the spaces of immensity, without 
intermitting its speed a single moment, at the rate of sixty- 
eight thousand miles every hour^So that there is no view 
we can "take of the works -of the Almighty, in which we are 
not irresistibly excited -to wcndef and admire. 

We may here also remark, that the globular figure of the 
earth is evidently the best adapted to- a habitable world. It 
is tbe most capacious of all forms, and contains the greatest 
quantity of area in the least possible space. If is ahe best 
adapted to motion, both annual and- diurnal, every part of the 
surface being -nearly at the same distance from the centre of 
gravity and motion. Without this figure, there 'could have 
been no comfortable and regular alternation of day and night 
in our world, as we now enjoy ; and the light of the sun and 
the mass of waters could not have been jequafly distributed* 
Had the earth been of the figure of a cube, or pentagon, or 
of any other angular form, some parts would have been com- 
paratively near the centre of gravity* and others hundreds or 
thousands of miles further from it. Certain countries would 
have been exposed to furious tempests, which would 4mve 
overturned and destroyed every object; while others would 
have -been stifled ^for want of -currents and agitation of the 
air. One part would have heen overwhelmed with' water* 
and another entirely destitute of the liquid element; one 
part might have enjoyed the benign/ inn uence of the sun, 
while another might have been within the shadow of eleva- 
tions a hundred miles high, and in regions of insuperable 
cold* In short, while one country might have resembled a 
paradise, otriera would have been transformed into a chaos, 
where nothing was to he seen but barrenness and desolation. 
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But' the globular figure which the Creator has given to our 
world prevents all.$uch inconveniences and evilq, and secures 
to us all the advantages we enjoy from: (he equable distribu- 
tion of light anc) gravity — of the waters of our seas~and rivers, 
and of the winds and motions of the atmosphere. Hence it 
is that all tjie bodies of the planetary system are either sphe- 
rical, .or spheroidal bodies'; nay, all. the great bodies in the 
universe, so far as our knowled^e v extends, are found to be of 
a globular figure ; and, in this arrangement the wisdom and 
intelligence of the. Almighty Creator are clearly to be per* 
ceived. - 

In short; the discovery of the globular figure of the earth 
constitutes an important fact in the history of Divine Provi- 
dence, without' which seme of thp grand designs of the Cre* 
ator, in reference to our world, would not have been accom- 
plished. It was iri consequence of a knowledge of this fact 
that the continent of America was discovered, and the bless- 
ings of civilisation, science, and Christianity conveyed to that 
region of^the earth. On a knowledge of the true figure. of 
the earth the art of navigation depends :, and in consequence 
of this, the greater part of the world has been explored, and 
the way prepared for carrying the tidings of salvation to men ' 
of all nations, through faith in the crucified Redeemer. On 
the knowledge jof the true figure of the earth, depends our 
knowledge of its magnitude and dimensions^ and on our 
knowledge of its magnitude* depends our knowledge of the 
distances of the sun and moon? and on our knowledge of the 
distance of the sun depends our knowledge of jthe respective 
distances of the planets, and the extent of the solar system ; 
and on our knowledge of the extent of this system, depend 
our conceptions. of the,dietances of the fixed stars, and of the 
vast magnitude and extent; of the material creation ; and on 
our views of the immensity of the universe* depend the en- 
larged conceptions we <are now enabled to form of the attri- 
butes of that Almighty Being from whom wre derived our ex- 
istence, and whose "kingdom ruleth-ove* alL" Had the 
first link of this t chain— our knowledge of the figure of the* 
earth — been wanting, we should have remained in ignorance 
of all the important consequences, now stated, which have re- 
sulted from this disQoveryw^so intimately connected are all 
the branches of useful knowledge, both human and Divine. 

Had mankind always remained ignorant of this important 
fact, the circumnavigation of the globp would neyer have been 
attempted; vast portions of the habitable world would have 
remained unknown and unexplored; the intercourses which 
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• subsist anong* the various tribes and nations of mankind 
oould not have been earned on-* the tribes of the greater por- 
tion of the heathen worte^ and the countries in which they 
reside, would have been unknown ; no extensive missionary 
enterprises could have been carried forward ; the knowledge 
of *< the salvation of God,"' could not have been communicated 
to -all the nations that dwell upon the face of the earth, ac- 
cording to the predictions of ancient prophecy ; and our 
ideas of the majesty and grandeur of the great Creator and 
Redeemer of men would have refrained as low and con- 
tracted as in the dark ages, when U was considered, even- ay 
ecclesiastics, as a heresy and a- crime to maintain that -the 
earth is round like a globe, or ball, and that it may be .inha- 
bited oof all sides. But mow, m consequence of the knowledge 
we- have acquired on this subject, the way is prepared for the 
accomplishment of the Divine purposes and. predictions in* 
relation to our race: our -knowledge -of creation, and the per- 
fections of its Author, is extended ; the path to future inw 
proveinent and discovery is laid open ; and everything now 
appears, notwithstanding many obstacles, to be hastening on- 
ward to a glorious consummation* 

SKC. Il.-r- ON THE MOTIONS OF. THE BAKTH* 

'It is presumed that, in the times hvwhidh we Kve,. there 
are few persons who have any doubts that (he world in which" 
we dwell is nearly of -the figure of a globe* especially when 
this position can be proved v by so many sensible demonstra- 
tions. But there are still many who can scarcely be con 
vinced that it is. moving along^with immense velocity through 
the regions of space, in company with the other planets. On 
this subject, therefore, we shall now offer a few considerations, 
tending to prove that the world we inhabit— however stead* 
fast it may appear to the eye of sen se i s, in reality, a mot" 
rag body, and that all its inhabitants are carried forward with . 
a velocity far greater than any morons we see around us; 
There are two different motions considered as connected Syith 
the earth :— one, by which it is viewed as turning round its 
axis every twenty-four hours: and another, by Which it wings 
its Might round the sun once every year. , In the mean time, 
I shall chiefly illustrate those arguments by which its diurnal 
motion may he .demonstrated., 

1. In the first place, there is one thing of which we are 
ail certain, that -motion does actually exist, either in theearth, 
or in the heavens. We every day behold the sun apparently 
moving from the eastern towards the western ^horizon. We 
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find, likewise, all the start in the firmament apparently 
moving in a body round the e$rth, in the* course of twenty- 
four hours, and in the nfeVBtr 4HMa]bed in the preceding 
pages. Such observations, which, every one has it in his 
pow£r to make, clearly show, that there. is motion somewhere, 
and the question is— Does this apparent motion really exist 
in the heavens, jor is ft the motion of the earth, that produces 
this appearance 1 Let -us suppose, -for a -moment, tjiat it is 
the earth which moves. What then, will be the rate of its 
motion, in tunning round its axis, to' produce the apparent 
revolution of the heayens ? for if the earth really move 
round, its axis .from west to east, ihe. heavens wiQ, of course, 
appear to revofcre -around us frost-east to west. , The rate of t 
this motion will depend upon the magnitude x& the earth. 
Now, we know ihat the earth iu a globe, somewhat more 
than 24,000 miles iix circumference ; ,and, 4^o»sequ0ntly, in 
turning round every tmpnty-four . hours, some portions of Its 
surface must move at least irlfcausand miles every hour. 
This is a motion far more rapid $han has ever been produced 
in die smallest' bodies by toman art f and, therefore, it may 
appear incredible to softie that such agnation can %xjstin a 
globe, o/ such vast dimensions as the earth. But, if such 
persona deny that tie earth thus moves,then they must admit 
that the heavens move. There m no alternative ; for motion 
actually exists, either jn the one or m the other. Now, if the 
motion is to be considered as existing in- the heavens, let us 
consider what the rate of this motion must necessarily be* If 
a small globe* of eighteen inches diameter, were supposed to 
perform a revolution round its axis" in two seconds, and a 
globe of 2080 yards, or 72,000 inehes m diameter, to finish a 
rotation m the same time, this larger globe would move with 
a velocity four thousand Ifones -greater than the other. In 
&g. 5, if AB, in the centre, represent the earth, thenyif the 
efrcle C If rfevotye round it ma certain time, and the other 
two circles revolve around it ra thesanne time, it is evident 
that the circle F H mufet revolve with a quicker motion than 
the circle C iL, and the circle I L^rith a still greater velocity 
in proportion to its greater distance from the centre of mo* 
tion, AB» ' ; 

Let us consider *hen, what would be the rate of motion of 
aome of the bodies in the heavens, whose, distance from the 
earth is known* : The sun is ascertained to be ninety-five 
millions- of miles distant from the earth, and, consequently, 
were he tQ move round the earth every day, as he appeaid 
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to do, he would move along a oureomfeToade of 607 miUioaa* 
of miles every day ; that is, at the rate qf above twenty-four 
millions of miles in an hour, 414,000 miles in a minute, and 
6000 miles every second. Again* the planet Uranus, at its 
nearest distance from the, earth* is more than 1700 igjHifing 
of mile* distant ; and consequently the circumference of its 
orbit is more than ten thousand six hundred millions o£ miles* 
K, therefore, this planet were supposed to move round the 
earth every day, its motions would be at the rate of 445 mil- 
lions of miles m an hour,*— seven milliona four hundred and 
twenty 'thousand miles in a.mmute,-^-and one hundred and 
twenty-three thousand six hundred, and seventy-seven miles 
every second. Again, the nearestfixed stars are known not 
to be within 20,000,000/)00,000, or twenty billion* of miles 
from the -eartk; and consequently their daily circuit round 
our globe would measure more than 126,000,000,000^00, or 
one hundred and twenty-five billions of miles ; that ie,at the 
rate of fourteen hundred millions_ef miles in the space of- a 
single second, or the interval of time which 1 the pendulum of 
a common clock takes in moving Trom <one side to the other I 

* If the circle CDE represent the,circle which the sun apparently de- 
scribes in revolving round the earth, P C, its distance* frond the centre df 
the earth, represent 95,000,000 of miles, and the diameter of the .circle C 
E 190,000,000 } and, as the proportion of/ the diameter of a circle to ita 
circumference is nearly as 7. to 22, the circumference of the sun?s circle, 
CDE, will be about 597,000,000 of miles, through which he behoved to 
travel every day, if the earth were at-rest. * . 
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Stars', at distances a nundredtiiries greatdr-*-of wlikin there 
are many such in our firmament— would move with a rapid- 
itylThundred times' swifter j and those stifl farther removed 
fromus, in the depthr of immensity, with a velocity far ex* 
ceeding either human or angelic comprehension." Yet all 
the stars of heaven appear to move round our globe every 
twenty-four hours.; if the circle G D E (fig. 5) represent 
the supposed diurnal orbit of the* sun ; FGH that pf ^Uranus ; 
and I KLM that of some pf the fixed stars^ then -it is evi- 
dent, that in proportion to me distance of the body from the 
earth will he the velocity of its motion, if it be supposed to 
move round the earth every day. - 

If, therefore, there- be any reader" disposed to reject the mo- 
tibn of the earth, because it appears incomprehensible; he 
must n^cessariry admit of motions ten hundred thousand times 
greater, arid far more mcomprehensible,-i-4nore especially 
when we consider that the-botlies in the heavens to which we 
have alluded areHncomparabhr greater than this globe of earth 
6n which we stqndj-^-the planet Uranus being more than 
eighty times, and tlje sun more than thirteen hundred thou* 
sand times large? than the earth, and the fixed stars, at an 
average, as large as the sun. Such a- rate of motion, in such 
a number of magnificent luminaries, appea>s"a1togetner over* 
whelming, and, I may add; altogether incredible; 

The question then whjch we have to decide is, which of 
fte motions to which we have referred is most probabje-^tbe 
motions of the earth, of' of the heavens ? Is it really neces- 
sary that the whole uhfverse, composed of sun, moon, planets, 
comets, fctajrs* and riebulfc, should move round our gldbe with 
such astonishing velocities, in order to produce the alternate 
succession of. day fend night V Reason tells us that it is not. 
We know that the Almighty-does nothing in vain, but em* 
£loys the most simple means, in order to accomplish die most 
astonishing and important ends* The succession of day and 
night Can be accomplished by a simple rotation of the earth 
on its axie, which will completely account ferndl the apparent 
diurnal revolutions of the celestial bodies. This we find to 
be actually the case wrth the other "planets of the solar sys- 
tem. The planet Jupiter is fourteen hundred times larger 
than the earth, anc( moves round its axis in les* than ten 
hours, at the rate of 28,000 miles aft hqur, which is a vefecity 
twenty-eight times greater than that of the earth, supposing 
k- to move- round its axis. The planet Saturn is -nearly a 
thousand, times larger than our globe, audit involves reuna 
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it4 axis in ten boms and a half, at the rale of 2^<00& miles an 
hour, in those places situate near its equator. To a spectator 
placed on these planets, the heavens would appear to .revolve 
around him every ten hours, as they appear to us to revolve 
every twenty-four hours, but with an apparently more rapid 
motion ; while he .himself might suppose, as we are apt to do, 
that he is actually at rest. The earth, therefore* must.be con- 
sidered as revolving round its axis, in accordance with the 
arrangements of the other planets of the system to which it 
belongs ; and to suppose otherwise, -would be in opposition to 
ajl the laws which govern the material universe, and would 
distort all our ideas of the harmony and order oLthe works oi 
the Creator. > 

2. Another consideration which demonstrates the diurnal 
motion of the earth is this-: that such a fate of motion in the 
heavenly bodies, as has now. been stated, though it might.be 
within the limits of Divine power to effect, would soon shot' 
ter the material universe to atoms, and reduce creation to a 
chaos. . Were a ball of soft wood to be projected from a can- 
non, at the rate of 800 miles per hour, in a few moments it 
would be reduced to splinters ; and hence the forage and 
other light substances projected from a piece of ordnance are 
instantly torn to pieces. What then might be supposed to 
be the consequences, were a body impelled through the 
ethereal regions^ with the velocity of a hundred thousand 
millions, of miles in a minute, asjnultitude* of the stars be- 
hoved to be, were the earth at rest in, the centre of the uni- 
verse ? It would undoubtedly reduce to atoms the most com- 
pact bodies in creation, although they were composed of sub- 
staneee- harder than adamant. 

3. Another corroborative argument in support of the motion 
of the earth is this, that there is no instance known in the 
universe of a Iprzer body revolving around a smaller. We 
do not find such pjanets as Jupiter and Saturn revolving 
around their^ satellites, or mooris; but all those satellites, 
which are much . smaller than these planets* perform their 
revolutions around them, as the centre of their motions. The 
earth, which is fifty times greater than the moon, does not 
revolve around her> but that nocturnal luminary regularly 
revolves around the earth. The sun does not revolve round 
the planets Mercury and Venus— which are thousands of- 
times less than that luminary — but they invariably revolve 
around him as *ne centre of light and influence. As the sua 
is one million three hundred thousand times larger than the 
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earth, it eannot, therefore, >be supposed lor a moment, that 
such an enormous giobe should revolve, with such an ineon- 
ceivably rapid motion, around so inconsiderable a ball as the 
earing and much less that the .whole universe should revolve 
around it every day. Were the earth not revolving round 
its axis every day, there would be an infraction of all the laws 
which govern the system of universal nature ; and therefoip 
it. is absolutely uecessary-to admit its motion, in order to direst 
our views, and to produce conviction of tie unity of design, 
and of the harmony of creation;. ; •• . 

4. The last argument I shall mention in &e mean time, anil 
which I consider as demonstrative on this, subject, is this* — - 
that if the .earth were at rest,^end all the .heavenly bodies 
revolving. around it with dreadfully rapid motions, it would 
c&nfouna all our ideas of the zvisdom and intelligence of the 
Hetty. Wisdom is ihat perfection of an intelligent agent, 
which enables him to proportionate one4hing to another, ^nd 
to devise the most appropriate means Jo accomplish important 
ends. We should recJcon that person foolish in the extreme 
who should construct* at an enormous expense, a huge piece 
of machinery for carrying round ; a grate, and the body of a 
large building to which it is attached, for the purpose of 
roasting a small fowl, fixed in the centre of its motions ; in- 
stead of making the fowl turn round its different sides to the 
fire. Were the inhabitants of London, or any large town, to 
attempt to construct machinery. to make the whole city move, 
round jn a circle, carrying a lamp pear the centre to throw 
light and. heat over- a wl of only one inch in diameter, when 
the- same purpose' could have, been easily effected by making 
the bafl jtself turn round its axis ; we should not hesitate a 
moment in pronouncing such a scheme as a display of con- 
summate folly. But none of these schemes would be half so 
preposterous as to suppose the, vast universe' to move round 
so inconsiderable a globe as the. earth, to produce the alternate 
succession of day and night, wheji the same object can be 
effected by the earth's, simply revolving around its axis.. 
Such a- device, therefore, cannot form, any part of the arrange- 
ments of Infinite . Wisdom* Can we. suppose for a moment, 
that what rwould be, considered as the consummation of folly 
in mankind,, is characteristic of the plans and operations of 
the Divinity, or that the* great Source of .eternal wisdom is to 
he levelled below the most.fooIisXof men? Such a thought 
never can be admitted byvany of his intelligent offspring, in, 
relation to Hun who is obsignated " the ojav wise God,'* 



44 BBFLBOWOHS OK PLkHrgtktT MOTION. 

who "is wonderful in counsel, and excellent iff working** 
and "who hath established the world, by h» vMon, and 
stretched out the heaven by his understanding." if it could 
be proved that the earth is at rest, and the whole universe in 
motion around it, I should scarcely admit that the world wa*. 
framed by that all-wise Being whose character is delineated 
in the sacred Scriptures, whose wisdom as far transcends that 
of man as the heavens are high above the- earth; 

I have been somewhat particular in exhibiting the argu- 
ments which prove that the earth is a moving body, because* 
in some minds, there is a great hesitation m admitting this 
fact, and in others, a disposition to receive it merely on th* 
testimony of other men, without understanding the founds* 
tkm on which it rests,; -and because right views and corfcep* 
tions of such fects lead to right conceptions at the operation* 
and the attributes of that almighty Being whom we profess 
to adore. I shall take an opportunity of stating the^ argu- 
ments which prove the annual motion of the globe round -the 
sun, when we* come to describe--the earth considered as a 
planet/ <- 

' • . ; - \ * - 

SBC. III. REFLECTIONS SUGGESTED tfV THE «OTlONS OF THfe 

„ EARTH AND HEAVENS. 

"We have now endeavoured, to prove . to the intelligent 
reader, that the world in which w« dwell, with all its conti- 
nents, islands, oceans, and its numerous population, is conti- 
nually revolving around its axis to bring about thereturns of 
clay arid night, ft is also flyingfwith a stifi greater velocity 
around the sun, to produce the various changes, of the , sea- 
sons. What £n august and subhrne idea does this suggest 
for our occasional contemplation 1 While we are 4 apt to ima~ 
gine we are sitting in absolute rest m our apartmenls, we are) 
in reality whirling round towards the east at the rate of fcun 
dreds of miles an hour ; and are, at . the* same time, carried 
through the regions of space withr a velocity of sixty-eight 
thousand miles every hour ; so that during ^every moment, or 
every pulse that oeats within us, w6 are v carried nearly twenty 
miles from that portion of space, we occupied before. Whew 
we lie down to sleep in me evening, we are seldom aware 
that, during our seven hours* repose; we have been earned 
along through the space of four hundred and seventy thousand 
miles Y Wheii, amidst the "gibom of winter, we look forward 
to tbe cheering scenes of spring, we must be carried fttrwarf 



more ihaii a hundred miiliahs of miJ*s, before we can enjoy 
the pleasures Of that season $ and when spring arrives, we 
must be carried, through the 7oids of-space, hundreds of mfl- 
lions hiore, befb*e we can enjoy the jruits of harvest. During 
every* breath we draw, and every word we speak, we are 
carried forward In our course thirtyy forty, or fifty miles, -un- 
conscious Of the rapidit/~of our flight ; but the motion is not 
the iess- real, because- we do not feel it. What should we, 
think .if we" beheld: one of the largest mountains in Scotland 
flying through the atmosphere, 'across the island of Great 
Rdtain, with a velocity 'which would carry "it from John-o*- 
Groats to the LafitPs End, a distance of seven^undred miles* 
in seven minutes ? It would, doubtless, excite universal wobp 
der and astonishment. But 'this is not one-tenth part of' the e 
Telocity with which the great globe of the^arth, and all that 
it contains, flies through the- boundless regions of space. 
Were we placed on a fixed" point; a thousand miles distant 
from the earfh, and beheld this mignty globe, with all its 
magnificent scenery and population, thus winging its flight 
around the sun, and carrying the moon along with it in its 
rapid career, such a spectacle would overwhelm us with 
astonishment inexpressible, and even with emotions of terror, 
and would present to view a scene of sublimity and grandeur 
beyond the reach of-our present conceptions. To angels; and 
other superior intelligences, when winging -their flight from 
heaven to earth*, and through distant worlds, «such. august 
scenes may be frequently presented. ' ' 

Although the heavens do 'not in reality move round the 
earth, as they appear to do; yet there are thousands of globe* 
in the celestial regions whose real motions -are more swift 
and astonishing than even those to which we have ^ now 
referred. The pkiret Venus moves, in its .orbit with a veto- 
city of eighty thousand mile's' an hour ; Bf erCury at the rate 
of one hundred' and nine thousand ^miles'- an hour; 'and the~ 

Elanet Jupiter, which is' one thousand four hundred times 
trger than the earth, at the* rate of nearly thirty thousand 
miles an hour, ^carrying along with it in it* course, fout 
gk>$es, each farger than our moon*- .gome of the comets have 
been found to move more' than eight hundred thousand miles 
in the space of an hour \: and some of the fixed stars, though 
apparently at rest, are * moving with a . velocity -of many 
thousands of miles an hotlr. In short, we have every reason 
to believe that there is not a- globe in the Universe, nor a poi> 
tion of matter throughout creation, but is in rapid and pet* 
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petual motion through 4he spaces of infinity, supported by 
the am ^Omnipotence, and fulfilling die- designs for which 
k was created. < 

If we inquire into the original cause of -these motions, we 
shall had that no other cause can be assigned but the fiat and 
the " power of that omnipotent Being who at first said, "Let 
the universe appear/' and it started: into being; As matter 
did not make itself, so neither can it move itself; its motion 
mast commence, and can only he continued every moment 
by the power of that almighty Being who brought it into ex- 
istence* He alone who existed from eternity, whose nower 
is uncontrollable* and whose wisdom is unsearchable, is. the 
original Source of all motion, asiie -is tie Source of ajl life 
and animation. By his omnipotent arm the planets were at 
first launched into existence, and. impelled in their swift 
career, and the motion at first communicated, is every mo- 
ment continued br the incessant agency f the same almighty 
Power. Were "that Power to withdraw its energy, or the 
subordinate means by which it is appointed to be continued, 
the universe would soon tuninto cotrfusion, and creation be 
transformed into a chaos. But God, who M stretched out the 
heavens, and laid the foundations of the earth*" hath ap- 
pointed them a decree which they cannot pass, and they con- 
tinue to this day, according to his ordinances, for all are his 
servants* Psafan cxix. 91, 

What a toeene of wonders ja presented to view when we 
contemplate the motions incessantly going forward through* 
out creation 1— that thousands of -globes, much larger than 
out world, are winging their -flight with ^unremitting speed, 
through the regions of immensity, at a rate which .overwhelms 
the human imagination 1 What an astonishing idea does this 
convey of the energies of the Eternal Divinity, who .at first 
launched this earth and all the planetary globes- ixom his 
powerful hand ! He only " spake, and it was dene ;" and 
for thousands of years such motions haw been continued 
without intermission 1 Well may we exckuin, with the in* 
spired Writers, "Who can by, searching r nod out God?**— 
"Who can utter the mighty acts of, the Lord 4 who can show 
forth all his praise?" ._'.--< , 

There are certain practical instructions which may be de- 
duced from this subject. *The power of God, as displayed in 
the motions of the earth and heavens, teaches us that nothing 
can be too hard for Jehovah, and that all the declarations of 
his word, however wonderful and inexplicable to mortal** 
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are assured, by the declaration of the sacred oracles* that m 
period is approaching when all the millions of the human 
race, whose bodies are, now putrefying in the grave, and all 
the succeeding generations: of men till th£ close of time, shall 
be reanimated from the tomb, and "arrayed m more glorious 
forms than they now-war. We are also assured that this 
globe, on which we now. reside, is destined to undergo an . 
important and universal change, when its elementary parts 
" shall melt with fervent heat, and " the earth also, and the 
works that are thereon .shall be burned "Pt" ** t0 theit pre- 
sent constitution And aspect, and that a new arrangement will 
take place, in Reference to the habitation to be allotted to the 
righteous. We perceive no symptoms of such changes at 
present ; we- have never seen any of the dead rise to life, 
after their bodies had. mingled' with the' dust, and the ashes 
of some of them bqen scattered by the winds over different 
regions of the sea and Jand ; and therefore doubts are apt to 
arise in theVmind, whether such wonderful transformations 
are possible to be effected. But all sudh doubts are at once 
dispelled, when we consider the perfections of Jehovah as 
displayed in the structure, and particularly in the movements 
of the universe, which afford us a sensible demonstration, that 
nothing, however inexplicable to us, can be beyond the range 
of Omnipotence. Therefore; we" may rest assured that, when 
the time appointed in the decree of Heaven arrives, that 
power which carries' the earth and- all the celestial* orbs in 
their rapid motions through the < sky, shall be ^exerted in re* 
animating all the generations ofmankihd, now sleeping in the 
tomb ; in producing a most wonderful change in the aspect 
of this terraqueous globe ; and in causing ** new heavens and 
a new earth" to arise, wherein righteousness shall dwell for 
ever. For that power Which carries thousands of vast globes 
through the regions of immensity, with velocities of a hiu> 
dred thousand miles m the short space of cm hour t must be " 
more than adequate to accomplish all the glorious scenes and . 
transformations predicted in the records of the Christian re- 
velation. The Christian may therefore rely with unshaken 
confidence on-all the "-great and precious promises" contained 
in the Scriptures of truth,- which are give!* forth ^y Him 
whose faithfulness is established in the very heavens, and 
who "keepeth covenant and mercy with them that love him 
and kedp his commandments to a thousand generations," and 
therefore cannot fai} Of ultimately receiving their fiill-accom- 
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pVsbmeftt. WeU, therefore, may the believer in Qhrjst e*- 
ekim— - . >- 

" If my immortal' Saviour lives, 
Then my immomUife ia sure-: 
His word a firm foundation gives; 
Here Jet me build and rest secure. 

" Here let ray faith unshaken dwell : 
Immovable the. promise sf ends ; 
Nor all tbd powers of earth and hell 
Can e'er dissolve the sacred bands. 

••Here, O my soul, thy. trpstxepqee ! "* 

If Jesus is for ever mine 
Not death itself, that last of foes. 
Shall break a union so Divine.'* ' 



. . CHAPTER UL 

DESCRIPTION OF THE SUN— OF THE INFERIOR PLANETS 
— AND OF THE EARTH AND JiOON. " 

- Whin we take a particular surrey of the starry heavens, 
we find that the stars, in general,, never shift their positions 
irbm each other. . They appear to move round u& jn one 
compact body* as. the figures, of the constellations do on a 
celestial globe, when it is turned round its axis ; but tfce stars 
belonging to one constellation never move towards those of 
another, nor change their distances from each other, If we 
direct our attention to the stars of the. Great^Bear, for exam- 
ple, (see fig. 1,) we shall find that, at all hours of the day and 
night, and at every season of the year, they present the same 
definite figure, and the same relative .position, to each other, 
without any sensible variation of distance or magnitude ; and 
the same may be observed from one year to another. Hence, 
they are usually denominated " the fixed stars/* But when 
we observe the heavens with still more accuracy and minute- 
ness* we shall occasionally -perceive a few bodies, having the 
appearance of stars, which, when carefully watched, Tor a 
few weeks or months, will be found shifting their positions 
with.respect to the surrounding stars. In most cases, their 
taction is towards the east, but notunfrequently towards the 
west, and, at certain times, no motion can, be observed for a 
considerable number of days. The bodies which are thus 
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perceived to change their positions among 1 tfce stars are called 
planets ; which word signifies " wandering stars."" 

There are ten orbs' -of' this description which have heen 
traced in the heavens; and whose motions have heen accu- 
rately ascertained. Only five of these bodies are visible to 
the naked eye : the offcer five -can be seen only- with tele- 
scopes. The five planets visible" to the unassisted eye were 
known to the ancjents, who gave them the following names, 
derived from the heathen mythology ; namely, Mercury, 
Venus, Mars, Jupiter, and Saturn. The other five were 
discovered by means of the v telescdpe, within the space of the 
last seventy years. They are named Vesta, Juno, Ceres; 
Pallas, and Uranus. By a care{W investigation of the mo- 
tions and other phenomena of these bodies, astronomers have 
ascertained that they all move" jround the sun as the centre of 
their motions; and, along with the earth, and nineteen smaller 
globes, form one grand and harmonious system, with which 
We who live oh the terraqueous globe are intimately connect- 
ed. The' central orb which enlightens these moving bodies, 
and N by its influenpe preserves them in harmony and order, is 
the same sun that enlightens our day,: and diffuses life ami 
animation among all the animal and vegetable productions of 
pur globe* These bodies, although they sometimes appear 
far different and even opposite regions of the heavens, occupy 
but a very small spacfe, as to the range of their motions, com- 
pared with that which is occupied by the fixed stars. The 
whole assemblage of these moving Orbs, including the earth, 
is what is generally ^denominated The Soxar System;- of 
which we* shall now proceed to give a gerterat description, 
beginning at the centre of the system, and proceeding to the 
different planets asdhey lie in order. 

sec i. — THE SUtf. 

The sun is the graild centre and the animating 1 principle 
of the planetary system, around which all the planets' revolve, 
at different distances, and in different periods of time ; anchby 
whose attracting influence they are retained in their respec- 
tive orbits. Fronv this source they all derive light and heat, 
and all the other influences requisite to fit them for being 
habitable worlds. • , • > 

Among all^ the objects of the visible creation; there is none 
whose'beatfty is so mtich admired, and wl^ose benign influ- 
ence is sorgenerally appreciated, as the sun. Every day this 
glorious orb visits us with its cheering" beams, dispels the 
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shades of night, and difluses joy ami animation among all the 
tribes of sensitive existence ; without whose, powerful energy, 
our world woukj soon become a dark and shapeless chaos, 
without life, order, or enjoyment. But the splendour of this 
luminary, and the benefits it confers, are so common and so 
regularly continued, that we are apt to view them wijh indif- 
ference ; and we seldom contemplate,, with the eye of an en- 
lightened understanding, the wonderful nature of that globe 
on which surrounding worlds depend for all the comforts 
an4 beneficial agencies they enjoy. To the vulgar eye, the 
safer orb appears only like a flat luminous circle of. a few 
inches dianu +.er ; and there are thousands-of mankind who 
consider it in no other light than as a brilliant lamp, of no 
great size, hung up in the firmament -to give us light by day, 
and to enable us to prosecute our daily labours. Even minds 
of a more elevated and reflecting cast have seldom -entered 
into all the sublime tfeas, connected with the nature and pro- 
perties of. this august luminary ; and it is questionable whe- 
ther the greatest astronomer now existing is capable of form- 
ing a conception of the magnitude and sublimity of. the solar 
orb, corresponding to its vast extent and its real grandeur, as 
the soul, and centre, and connecting principle of mighty 
worlds, - . 

. Of the magnitude of this stupendous globe arithmetical 
numbers can scarcely convey to us an adequate idea'; but we 
may, in the first place, state its dimensions in, numbers. Its 
diameter, or a line passing through its centre from one side 
to another, is found to he 880,000 miles. Its circumference, 
or a line going quite round it, is 2,764,1*00 miles. Its surface 
contains 2,432,800^000,000^ square miles ; that is, more than 
twelve thousand times the number of square mijes on our 
globe. Its solid contents comprehend 866,818,739,200,000,000 
or three hundred and fifty-six thousand billions of cubical 
miles; that is, 1,350,000 times the number of solid miles 
which the terraqueous globe contains ; so that were one mil- 
lion three hundred and fifty thousand globes as large as the 
earth to be compacted into one globe, it would only equal the 
size of the sun ! Some of these dimensions may be some- 
what illustrated as fellows : Suppose a person to move round 
the sun's circumference at the rate of forty-five mites every 
day, uVwouJd require more than one hundred and sixty years 
before the circuit could be completed. Suppose one were to 
traverse the whole surface- of this kuninarv, so as to pass 
over every square mile *6n its surface, at the rate of sixty* 
miles a day, it wptiid require more than a. hundred millions 
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of years before such an object could be accomplished. It is 
stated that the splendid view from MWnt Etna comprehends 
a circle two hundred and forty miles in diameter, containing 
45,340 square miles. Now this is only the fifty-three mit 
Month part of the surface of the sun ; so that more than fifty- 
three millions, of landscapes, such as beheld from the top of 
Etna, must pass before us ere we could contemplate a sur- 
face as extensive as that of the sun. Were we to suppose 
every such landscape fo occupy two hours iiwthe contem- 
plation, it would require twelve thousand two hundred and 
seventy-five years — without the least intermission*— or more 
than double the time- which has elapsed since the Mosaic 
creation, before the whole surface of this immense globe could 
be/in this rapid mahnef, surveyed. The magnitude of this 
luminary may' also be illustrated from the folio wing, compari- 
son : The" earth contains about two hundred and sixty-four 
thousand millions of cubical miles; the planet Jupiter* is four- 
teen hundred times larger than the earth ; Saturn is about a 
thousand times ; and Uranus about eighty times larger than 
the earth : yet the sun is found to be more than five hundred 
times larger than those planets, and all -the other 'planets, 
moons, and cornets of the solar system taken together. 

If it be asked why the sun appears so small to our eyes, if 
h is indeed so immense a globe, it' is easily answered, that 
this is owing to its immense distance from' our world. This 
distance. is no less than ninety-five millions' of miles,— a dis- ' 
tanGe of which the mind can form dnly a very inadequate 
conception. It may be somewhat illustrated, however, as 
follows": A cannon ball, at its utmost speed, when it leaves 
the mouth of the cannon, is calculated to fly" at the rate of 
about five hundred miles an hour ; but it would require such 
a moving body— though flying continually with this velo- 
city — twenty-one years and two hundred and forty-five days 
before it eould reach the sun; -This maybe further illus- 
trated by motions with which we are more familiar. Sup- 
pose a steam-carriage fo set out front the earth in the direc- 
tion of the sun, and to move, without intermission, at the rate 
of four hundred and eighty miles every day, it would require 
five hundred arid forty-seven years 4 before it could traverse 
the space which intervenes between us and that distant lumi- 
nary. How wonderful, then, that the sim> at such a distance, 
Should exert Kis attractive power upon the earth— fructify the 
soil— raise tides in the ocean — and diffuse light, and heati and 
colour, and animation, over ail its regions ! ' And not only so, 
but eveii on the remotest planet of the system, at the ^stance 
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of eighteen hundred millions of miles, similar influences are 
produced Jby the agency of this august luminary ! [ 

Are we* startled at the vast distance and dimensions of the 
solar orb which we have now stated ? and are we apt to doubt 
whether the representations we have given he accordant with 
fact 1 y We ought to consider that He, who made the sun, anq 
adorned him with the splendour he exhibits, is "TheJLord 
God Omnipotent," the .extent of whose power and wisdom 
none can -comprehend ; and that the sun required to be of 
sueh. a magnitude to give stability to the system of which lie 
is the centre ;' and, according to the laws he hath impressed 
upon the material world, to retain surrounding worlds in the 
paths prescribed them, and to dispense to them all those in- 
fluences which tfcey, require. If we are astonished at the 
magnitude- of the sun, how must our admiration be raised 
when we consider thai this globe is only, ene out of millions 
of similar globes which exist in the universe ! For every 
star that adorns our Armament is, on good grounds, concluded 
to be a $ un, no less spacious end luminous than that which 
enlightens our day * and has, doubtless, a retinue of planet- 
ary globe* revolving around it, as the centre of light ancj 
influence. - - 

Nature and physical constitution of the $wi.~ Of the real 
nature of this luminary we have hitherto acquired but very 
imperfect conceptions. . But since the invention of the tele- 
scope, our knowledge of its constitution has been somewhat 
enlarged. We no longer view the-sun as a ball of liquid fire, 
as had sometimes heen supposed, but as a solid body, com-, 
posed of different materials, in which wonderful processes are 
going forward on an extensive scale, for preparing and per- 
petuating. that light and heat which are destined to cheer and 
illuminate surrounding worlds. When the sun is viewed by 
means of a telescope, -spots of various kinds are perceived 
upon its surface. These spots appear first on its eastern mar- 
gin, when they appear narrow and somewhat obscure ; Ahey 
move gradually onward to 'the centre of the disk, when they 
appear largest and most, distinct ; afterwards they proceed 
towards the western limb, where they again appear narrow 
and obscure ; and after a period of aoout thirteen days, from 
their first appearance on the eastern edge, they disappear 
from the western limb ; and, in many cases, -they again ap-- 
pear on the eastern limb, after the same period of thirteen 
days. But they are frequently somewhat changed in their as- 
pect before they reappear ; and, in numerous ^instances, after 
disappearing frpjn the sun's western boundary % they are never 
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again visible in the same shape ; but other spots, ai uncer- 
tain intervals, are seen diversifying the s.olar disk ; though 
not unfrequently Scarcely a singte spot is to be seen over the 
whole surface of the sun. The spots appearing narrower 
and less distinct on the eastern and western limbs, is owing 
to our viewing obliquely these parts of the sun's surface. The 
conclusions to be de4uced t front these circumstances are, 1st, 
that the sun is a globe, and not a flat surface, as it.appeart to 
the naked eye, otherwise the spots would appear equally large 
-and distinct on , every part of i^s surface* 2nd, That this 
luminary moves round its axis in v the same direction* as the 
rotation of the planets ; for its spots do not shift their places 
on its disk, but are carried alon£ with the whole body of the 
sun. The time of the apparent revolution of these spots is 
%( days, 8 hours ; but the real period of the sun's rotation is 
25 days, 9 hours, 56 minutes ; and therefore, the places about 
the sun's equator move at the rate of four thousand five hun- 
dred and thirty-two miles an hour.* , - 

The solar spots are of all sizes* and' of different shapes : 
their size is from ff \^ to .^th of the sun's 'diameter, v The 
smallest of those spots which can be distinctly seen, are nearly _ 
a thousand miles in diameter. Spots, the one-fiftieth part of 
the diameter of the sun^— which we have frequently seen — 
are 17,600 miles in diameter, or more than double the diame- 
ter of the earth ; and if the spot be considered only as a plane, 
and somewhat circular, ft wiU contain more than two hundred 
and Forty-three thousand square miles, which is considerably 
more than the area of the whole terraqueous globe ; and yet 
sometimes a spot of this yast size will disappear in a few 
weeks, and not unfrequently in a few days. Sometimes not 
a single spot is to be seen on the solar 4isk for weeks and 
even for months together; at other times, we have seen above 
one hundred spots of all sizes dispersed over the face of the 
sun at one time. In such'cases, there are generally five or 
six larg*e Spots, such as that alluded, to above, accompanied 
with ten, fifteen, or twenty smaller spots; but, after disap- 
pearing at "me sun's western limb, it is seldom that they come 
round again in the same order as before. Some appear to. 
have been altogether dissipated, and others to have changed 
their shape and relation to surrounding spots, inwhich they 
formerly appeared. We have seen spots of -nearly 2000 
miles in diameter, vanish in the course of twenty-two hours : 

••This is found by dividing the circumference of the sun = 2,764,600 
miles, by the number of hours in Which the rotation is performed!, name* 
ly 610 hours, and the quotient is the rate of motion per hour * 
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and, on the other hand, on a late occasion, we beheld two 
spots,, each of them larger than the -earth, and containing at 
least three hundred millions of square miles, which were 
formed near the centre of the solar disk, where no trace of 
them was seen forty hours before ; which circumstances show 
the amazing rapidity with whicn these mighty masses are 
formed, and again rendered invisible to the sight. The por- 
tions of the sun's surface where the spots most frequently 
appear, are those which he adjacent to its equatorial regions ; 
no spots being ever seen near its northern or southern poles. 
In seme years, these, spots have been very numerous, and sel- 
dom a week has passed without a few of them having been seen, 
while in other years, comparatively few have been visible. 
These spots, as to their general appearance, resemble a 
dark nucleus, surrounded with a penumbra, or belt of a lighter 
shade. This, penumbra is generally of a shape nearly cor- 
responding to that of the dark nucleus, or central spot. This 
fainter belt is plainly perceptible in the larger spots, and when 
very high powers are applied to the telescope, the umbra? 
are also visjble in the smaller spqts.. The following repre- 
sentations will convey a general idea of the phenomena of 
the solar spots. ^ Fig. 6 represents the moTe common ap- 
pearance of these spots— a dark central part surrounded by 
a fainter shade. . Figs. 7» 8» 9, represent the appearances of 
certain spots which exhibit a bright spot, or figure, in the 
midst of the dark nucleus. Fig. 10 shows a spot, in which 
various dark spots are surrounded by one common penumbra ; 
figs. 11, 13, spots.of different shapes ? jigs. 13, 14, large spots 
accompanied or surrounded with dark spots of a much smaller, 
size. This is a very common phenomenon : it is seldom 
that any large, spots are seen without being accompanied 
with a variety of small spots of different sizes, frequently as- 
suming the appearance of a tail to the large spot. Fig. 15, 
represents the- appearance and progress of a single spot, from 
the time it appears on the sun's eastern limb till it arrive at - 
the centre of the disk. As the sun moves round an axis 
which is- not perpendicular to the ecliptic, but inclined seven 
and a half degrees from the. perpendicular, so the spots move 
in a line deviating from the ecliptic, and perpendicular to the, 
suny's axis. Thus in fig. 16, A B represents the ecliptic ; D, 
C its axis perpendicular to it ; G H the axis of the sun, around 
whjch it performs its rotation* deviating seven and a half de- r 
grees from t> C, the axis of .the ecliptic. The spots there- 
fore move in a line E F or K L, which is at right angles 
with the axis of the, sun. * 
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Besides tie dark spots whose phenomena we have now 
described, there are spots which have a bright and mottled 
appearance, and which it' is difficult, in most cases, to dis- 
tinguish fro m the general body of the sun. They are chiefly 
to be seen when they first appear on the eastern margin of 
the sun, and when they approach near the western )imbf but 
they are seldom or never seen near the middle of the disk. 
They are most generally seen ia connection with clusters of 
the dark spots, and when they are first seen near the eastern 
limb, they frequently indicate that dark spots are about tc 
make their appearance. They appear like luminous ridges, 
and plafinly indicate that the sun is not a smooth surface, bu» 
is' diversified with elevations, and depressions, or, in othe: 
words, with mountain* and vaka of a stupendous size, other 
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wise we could not perceive them at the remote distance at 
which we are placed. Put what these bright ridges, or cor- 
rugations, are — whether immense luminous clouds, or solid 
bodies— or what purpose they serve in the operations which are 
going forward in <his luminary, We are unable to determine. 

The following is a summary of the phenomena of the solar, 
spots. 1. Every spot which has a dark nucleus has also an 
umbra surrounding it. 2. The boundary between the nucleus 
and umbra is well defined. & The increase of a spot is 
gradual, the breadth of the nucleus and umbra dilating at the 
same time ; and its decrease is gradual in the same manner. 
4. The nucleus, when on the- decrease, in many instances, 
changes its figure by the umbra encroaching upon it ; and 
thus it sometimes happens that the nucleus is divided into 
two or more nuclei* 5. The exteriorboundary of the umbra) 
nevef consists of sharp angles, but is always curvilinear J 
6. The nucleus vanishes sooner than the umbra. 

The conclusions which have been drawn from the pheno- 
mena now described, in reference to the constitution of the 
sun, are as follows: That the central part of the spots is 
beneath the level of the sun's surface, or, in other words, 
that the spots are excavations in the 4>ody of this luminary, 
and that the umbra, or shade, which surrounds it, is the shelv- 
ing sides of this excavation in the luminous matter. Accord- 
ing to this view, the nucleus is, nothing else than the dark 
and solid body of the sun appearing through the openings of 
a luminous atmosphere which surrounds this mighty globe 
According U^Sir W, Herschel's estimate, this atmosphere is 
not less than 1840 miles, and not more than 2760 milesv in 
depth. This he regards as the outermost coating of the sun, 
or his visible surface ; and under this superior stratum, he 
conceived there is another, more dense and highly reflective, 
which throws back the light of the upper regions, and that 
this lower atmosphere constitutes the umbra of the spots* and 
that the dark central parts of the spots, or, the nuclei, are 
part of the solid matter of which the sun's body is composed. 
In accordance with such views, the internal part of the sun 
may be considered as an immense solid ball, not altogether 
unlike the earth and the other planets ; and there is no great 
improbability in supposing-that it is fitted for being the habi- 
tation of sensitive and intelligent beings, with constitutions 
adapted to the situation ; and that it may constitute the most 
glorious habitation connected with the solar' system. But 
whatever may be -the real nature and constitution of this lu- 
minary, it is evident, from die rapid >and extensive changes 



which are frequently happening both among the bright and 
dark spots, that there are forces of prodigious power in conti- 
nual operation, producing the most astonishing effects, in a short 
space of time, sometimes in a few hours or minutes, on the 
surface or in the luminous atmosphere of this great central 
body. And such changes are, doubtless, necessary for pre- 
serving the present constitution of the sua — for enabling him 
to diffuse, light and heat — and to act as the soul of surround- 
ing worlds. : ^ .*,-'.. 
. This magnificent luminary is the grand source. of light, and 
beat, and colour' to this earth, and to all the planetary globes, 
withe their rings and satellites, which belong to our system! 
By its* energy and influence, it cheers, adorns, and animates 
a retinue of ^mighty -worlds; directing their motions, and pre-* 
serving them all in the paths prescribed them, so that none 
shajl wander from their course, ot/interfere with others, It 
is the -central bond which unites the moon to the earth; the 
satellites of Jupiter, Saturn, and Uranus, to their respective . 
primaries, and all <the other planets in one grand and harmo- 
nious system. On our globe, the benign effects of the sun 
are numerous and powerful. He is not only the source of 
illumination, but of all thdt beautiful diversity of colouring 
which adorns every terrestrial landscape. Poth the earth 
and sea— the lowest depths* of the ocean, and the (darkest 
cavern — feel the effects of his powerful agency* AH ani- 
mated beings rejoice in his presence : when his rays dispel the 
shades of night, millions ,of the insect tribes awake and sport 
in his 'beams, the birds salute him with their melodious con- 
certs, every thing- that breathes feels the effect of his influ- 
ence ; man watches for . the morning and rejoices at his apr 
proach; for "truly the' light is sweet, and a pleasant thing it 
is for the eves to behold the sun." -> The vegetable tribes 
likewise feel his energy: he gives circulation to the sap- in 
plants and trees; he causes the blossoms and leaves to shoot; 
the hills and vales to be covered with verdure, and the fruits 
of .the earth to ripen to ,a- golden harvest, for supplying the 
wants of man and beast . Without the influence of this lumi- 
nary, darkness and all its gloomy accompaniments would far 
ever involve this lower creation ; all the beauties which now 
adorn the, &c$ of nature .would be swept away, the birds 
would £ease their warbiiuga, the flowers would no longer be 
decked with the gayest colours, nor shed their rich perfumes. 
Jjife, activity, and animation would soon cease ; and the earth, 
ere lpng^ would be transformed into a hideous chaos. 
Can we reflect- on the grandeur and magnitude of this 
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luminary, and tfcemanifold beneficial effects which it produces 
on our world, without raising our thoughts to Him who at 
first launched this vast globe from his almighty arm, and 
still sustains it in all its energies! • In all our surveys of the 
system of nattire, it becomes us to raise our views from the 
effect to the cause, fiom the creature to the great Creator, and 
to give to Him "the glory due to his name." This b is not 
only a duty inculcated in Scripture, but is- in full accordance 
with the dictates of true philosophy ; which declare, that 
every phenomenon, and every effect in the universe should 
be traced up to a cause adequate for its production. And 
what cause could produce such a stupendous luminary, but 
that Being who existed from eternity, whose power is Uncon- 
trollable and illimitable, and whose t kingdom ruleth over all?" 
In the formation of this spacious globe we behold a display 
of Omnipotence which ^ overwhelms our 'conceptions* and 
which shows us that nothing, however amazing andr incom- 
prehensible, can be beyond the limits of God's power to ac- 
complish. In the numerous beneficial agencies produced by 
the sub, we have a display of his beneficence, an evidence that 
the happiness of his creatures is one ot the main objects of his 
creating power, and that "his tender mercies are over all his 
works." " The day is thine" ; the night also is thine ; thou hast 
preporedv the light and the sun." He hath placed oUr world 
at such a distance from this luminary, as neither to dazzle us 
with excessive brilliancy, nor scorch us with excessive heat, 
nor. freeze ue with insufferable, cold ; but to produce an illu- 
mination and a temperature suited to the inhabitants of every 
clime. The man who can contemplate this glorious object, - 
and feel all the beneficial effects of its influence, without the 
least emotion vf gratitude, reverence, and adoration, scarcely 
deserves to enjoy the beneficence of' his Creator. Let us, 
then, "give thanks unto the Lord — to him that made great 
lights—the sun to rule the day : for his mercy endureth for 
ever." And as the sun enlightens, cheers, and fructifies our 
globe, and distributes benefits wherever he shines*; so let us 
likewise, according to our power and opportunities, exert all 
our energies in imparting blessings to our brethren <fef man- 
kind. As he daily sheds his benign Influence around the 
world ; as he rises for the benefit of the ungrateful and the un- 
just,.as well as for the good and the righteous^so let our benefi- 
cence be displayed towards men of all characters and nations, 
that we may prove ourselves to be " the children of the Most 
High," who, without distinction of persons, distributes bless- 
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mgs without number, among, all th<e ranks of sensitive and 
intelligent existence* -*•.** 

Notwithstanding the numerous benefits which the sun dis- 
penses to all the inhabitants df our globe, it is a melaneholy 
truth that the' greater part of its population is. still involved in 
intellectual darkness and, moral debasement, " being alienated 
from the life of God through the ignorance that is in them." 
In this respect, it may still be said, as in ancient times, that 
darkness covers the earth, and gross darkness the majority of 
tBe people who inhabit it. While the sun diffuses its splen- 
dour around them, their mind$. are shrouded in. a midnight 
gloom, into which "the light of the^knowledge of the glory 
of God," as it shines " in {he face of Jesus Christ,^ has never 
penetrated. Before all the effects of light — material and 
mental — *can be' fully felt, the Sun of righteousness must arise 
on the nations" with healing in his Jbeams," to diffuse know- 
ledge, joy, and salvation. His influences are as necessary to 
our true happiness as those of the material sun to .our exter-. 
nal comfort and existence*. His Spirit irradiates the darkest 
understandings, purjfiesv the most debased affections, and dif- 
fuses gladness <and consolation, wherever the light of Divine 
truth shines into the heart. And as the. rays of thjs spiritual 
Sun are diffused by ^he trutha of revelation, it is our duty to 
disseminate these -truths as extensively as possible among all 
the kindreds, and families, and tribes, thaf dwell upon the 
face, of all the earth. Wherever the natural sun shines, the 
light of Divine truth should be made to shed its influence and 
its lustre, tiM light shall spring up to those who sit in dark- 
ness and the shadow of death ; till " the glory of the Lord 
shall cover the earth— and all flesh see the salvation of God..*' 

SEC. II. THE PL ANET, MERCURY. 

Having given" a* general description of the sun— whiqh, is 
the centre of the planetary orbs, around which they all per- 
form their revolutions, at different distances and in different 
periods of time, we- shall. now proceed to give a brief descrijH 
iionof what is most interesting in the phenomena of the dif- 
ferent planets, beginning with that which is nearest the 
centre, and proceeding, in order* to those which are more 
distant. The, order in which the orbits of the planets he from 
the sun is represented in the following small diagram. The 
proportional, distances of the planets from the, centre cannot 
be distinctly represented, unless upon a diagram of very large 
extent. In this small figure, the middle point represents the 
position of- the sun. The inner circle next the point which 
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representrthe sun, is the orbit of Mercury /the nearest planet 
to the sun ; the second circle represents the orbit of Venus ; 
the third that of the Earth ; the Fourth that of Mars ; the next 
circles, which cross each other, represent the orbits of the 
lately discovered planets: Vesta, Juno, Ceres, and Pallas. 
Beyond these, the nest circle represents the orbit of Jupiter 
with his satellites, and next to that the orbit of Saturn. The 
outermost circle is that of Uranus, sometimes distinguished 
by the names of Herschel, and the Georgram Sid us. 

These orbits appear very small, as" delineated m this dia- 
gram ; but they are in reality so immensely large, that the 
mind ca*i scarcely form any adequate conception of them. 
The orbit of Mercury, which is the Smallest, is more than two 
hundred and thirty-two millions of miles in circumference. 
Were a steam carriage to move round' it at the rate of twenty 
miles an hour, it would require more than one thousand three 
hundred antj, twenty-four yeara before it could complete the 
circuit ; yet the planet itself moves around it in the short 
space of eighty-eight days. The orbit of Uranus, the most 
distant planet of the system* is eleven thousand three^ hunv 
dred millions of miles m circumference, and three thousand 
six hundred millions in diameter. To move round this cir- 
cumference^at the rate of thirty miles an hour, would require 
above fogy-two thousand - nine hundred years, or more-than 
seven times the period which has elapsed since the. creation 
of Adam ; while tthe planet itself moves round it in eighth- 
four years. So that ajl the arrangements of.the Divine Being 
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are conducted on a scale of magnificence, astonishing to mor- 
tals, and corresponding to the infinite majesty and grandeur 
jof Him " who stretched out the heavens by his understand- 

The narrow curve, on the left hand of the figure, crossing 
the orbits of the planets, represents 1 a portion of the orbit of a 
comet. The comets move in all direction* through the solar 
system, and their orbits consist of long narrow ellipses, or 
ovals, some of which extend far beyond the orbits of the most 
distant planets* Where they sometimes- remain, for a long 
aeries .of years. These bodies are distinguished ,by their 
dim, dusky i and ruddy light, and the long tails, or trains, of 
light with Which they frequently make their appearance* 
Sometimes they are visible to the naked eye, and make a 
pretty splendid appearance ; but numerous bodies of this 
description pass near the centre of our system, which are 
only visible by means of telescopes,' and pumbers,. doubtless, 
which are never distinguished even by astronomers, except 
when by chance they happen tp direct their telescopes' to 
those portions of the heavens in which they ape moving. 
From December, 1843, to September, 1844, no less than three 
comets were discovered, but not one of them was visible to 
the unassisted eye. 

Having made these .preliminary remarks respecting the 
general arrangement of. the planets and comets, we proceed 
to a brief description of— 

The planet [Mercury. This planet, as already noticed, is 
the nearest to the sun ; at least, no planets, nearer this lumi- 
nary have yet heen discovered, though it i* not improbable 
that one or two may exist within the orbit of Mercury. Its 
name signifies " the swift messenger," and, in point of fact, 
it is the swiftest moving planet in the solar system, its rate of 
motion beingj aXan average, ope hundred and nine thousand 
eight hundred miles an hour, or one thousand eight hundred 
and thirty miles in a minute \ but its rate of motion is some- 
what different* in different parts of its course, as it moves m 
an elliptical orbit. ' Its distance from the sun Is. about thirty- 
seven millions of miles, and it performs its. revolution around 
that luminary in eighty-seven days, twenty-three hours, and 
twenty-five minutes.; -As. to magnitude, this planet ranks 
ameng the smaller bodies of the system*. Its diameter is three 
thousand two hundred miles, its circumference feu thousand 
and fifty-three miles, and its surface contains above thirty-two 
millions of square miles, which is considerably less than the 
habitable parts of our globe: Wefc^ we to compare its.si^ 
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Vith that ©f the sun we should find that it would require 
nearly twenty-two millions of globes of the size of Mercury 
to form a globe 'equal to that of the sun.* 

This planet always appears to move in the neighbourhood 
of the sun. It neverappears aboye twenty-uine degrees dis- 
tant from the sun, and frequently at the period of its greatest 
elongations it is not above sixteen or seventeen degrees from 
that himinary. On this -account, it is difficult to be distin- 
guished by the naked eye, unless near the periods of its 
greatest elongations. . The time between its greatest elonga- 
tions from the sun, varies from one hundred and six to one 
hundred and thirty days. When it is at its greatest "elonga- 
tion east of the sun, k is seen in the evenings, at a low eleva- 
tion, not far from the point where the sun sets. When it is 
west of the sun, it is seen in the morning not far from the 
point of sunrise. The most favourable seasons for observing 
it are the spring and autumn, as it is in* a higher declination 
at those seasons than in winter, and the twilight is not so 
strong nor so long continued as in summer. When viewed 
by the naked eye, it appears to emit a very white tight ; and 
♦«hose who-would wish to get a view of this planet, when it 
may be^seen, should inspect an almanac, or ephemeris, where 
the times of its elongations are distinctly stated .t When 
viewed with a telescope it appears, in the course of its revo- 
lutions round the sun, to pass through all the phases of the 
moon, sometimes appearing as a half-moon, sometimes as a 
crescent, and at other times with a gibbous phase. When i% 
appears of a half-moon t>r crescent phase, its enlightened 
side, Kke that of the moon, is always turned towards the sun, 
which proves that it is in itself a dark body, and derives all 
its light from that luminary. On account of its nearness- to 

* This is estimated in the following manner-r-the comparative bulks of 
spheres axe to each other as the cubes of their diameters ; therefore, di- 
vide the cubes o/ -their -diameters by each dther, and the quotient shows 
the number of times the one is contained in the other ? In the present 
instance, multiply the sun's diameter, 880,000 miles, twice into, itself, and 
divide the product by the ciibe of the diameter of Mercury, 3200 miles, 
and the quotient will give the number of times that the sun is larger than 
this planet. TJiua the cube of 880,000 is 681 ,473,000,000,000,000, which 
divided by 32,768,000*000 the cube of Mercury! s diameters 21 millions 
and five-sixths, nearly. 4 ' ~ 

tThe Chriftian Almanac^ published by the- "Religious Tract So- 
ciety," will afford 'sufficient information on such points, and on various 
other topics connected with astronomy, and the motions and aspects of 
the heavenly orbs, especially under~the head Phenomena. *f his almanac 
is published at the low price of sixpence, contains about 84 closely printer 
pages, and a. vast quantity of useful information on science,: religion, plr 
Ianthropy, domestic economy, acts of Parliament, and a variety of othe? 
interesting topics. « N , . ' 
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tjie sur\, few, discoveries have been made on its surface by 
the telescope. It has been- observed, however* that when it 
appears as a crescent, one of its horns is truncated, or cut off 
at the point, by which the period of its revolutions round its 
axis has been^determinedj which is supposed to be acconw 
phshed in twenty-four, hours and five minutes. This trunca- 
ture is doubtless the effect of elevations and depressions on 
its surface ; arid hence, some astrdnomers have concluded 
that mountains of considerable elevation exist on Mercury, 
one of which is calculated to be eight English miles in per* 
pendicuiar altitude, .It is supjiosed,, likewise, that U is en- 
veloped Wjith an extremely dense^ atmosphere. ( 

. In 'consequence of its nearness to the sun— being nearly 
three times/nearer than the earth, — the quantity of light i$ 
nearly seven times greater than what we receive; and the" sun 
Will appear to a spectator in. that planet about seven time* 
larger than to us — which circumstances will cause a more 
brilliant lustre to appear on all theobjects on the surface of 
this planet than appears on the scenery of our. globe. Such 
eyes as ours would be unable to sustain so dazzling a bright- 
ness, unless their pupils were contracted to the diameter of 
one-fiftieth of an incji. Jhaf the quantity of heat is in the 
same proportion* or seven times, gteater than on the earth, is 
an opinion by no means probable. It is more probable, from 
many circumstances connected with our own globe, and from 
a variety of experiments which have been made on the sub- 
ject of heat, that the sun's rays inay be modified in their 
action by the- nature pf the atmosphere, and the constituent 
elements of. which the planet is composed. It is probable 
that sensible heat depends chiefly on the distribution of the 
substance of caloric, or the principle pf heat, on the surfaces 
and throughout the atmospheres of the planets, in different 
Quantities, according to the different situations they occupy in 
the sojar system; so that it is possible there may be no- more 
sensible heat felt on the surface of Mercury than on the sur- 
face of the, earth, oj even of Saturn, or Uranus* 

Mercury revolves in an elliptical orbit, which is more 
eccentric than the orbits of the other planets except Juno 
and Pallas. This is the reason why, at some of its. greatest 
elongations, it is only sixteen degrees from the sun ; while 
at otnera, it is nearly twenty-nine degrees distant. Its eccen- 
tricity, ojr the distance of the sun from the centre of its^orbit, 
i& above seven millions of miles; which is about .the one- 
tenth part of the diameter of its orbit; and this crbit is inclined 
.o the ecliptic j-or the plane of the earth's orbit, In an angke of* * 
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seven degrees, so that it is sometimes this number of degrees 
above the level of the ecliptic, aad at other times as much 
below it The density of this planet is greater than that of 
any other planet of the system. It has been estimated 'to be 
nearly twice the density of the earth, that is about nine timer 
the density of water, or nearly equ&l to that of lead. Such 
conclusions are deduced froln the laws of gravitation, by 
which all the planets are directed in their motions. 

Transits of Mercury. —At certain periods, this planet is 
observed to pass across the sun's disk, like a small dark spot. 
This can happen only at the time of its inferior conjunction 
with the sun — when it is nearest to the earth — when its en- 
lightened side is turned towards the sun, and its dark hemi- 
sphere is turned directly towards the earth; and when the 
earth, Mercury, and the sun are nearly in one. straight- line. 
This passage of Mercury across the solar disk is called ha 
transit, and is considered by astronomers as an interesting 
phenomenon. If the- orbit of this planet were in the same 
plane with that of the earth, it would- transit the sun's disk 
at every inferior conjunction, or three or four times every 
year. But as its orbit is inclined to* the ecliptic, a transit can 
happen only when it comes to the inferior conjunction, at the 
time when jt is at or near its nodes, or the points where it 
crosses the ecliptic, <an<T when the earth is in the same longi- 
tude, and this occurs only at intervals of several years. 
The last visible transit previous to 1845, happened in 1832 : 
another happened in November, 1835, but was invisible in 
Britain, as the sun was set before its commencement. A 
visible transit likewise occurred on May 8th, 1845, whicfi 
began at 19 minutes past 4, p* m., Greenwich time ; and the 
planet arrived near the centre of the disk at 35 minutes £ast 
7, p. x. ; but before the planet's egress from the sun's west- 
ern limb, the sun set to the inhabitants of this country. The 
next visible transits of Mercury wiH happen at the follow* 
ing periods : 1848, November 9th; 1861, November 12th; 
1868, November 5th ; 1878, May 0th. The other transits, 
during the present century, in 1881, 1891,- and 1894, will be 
invisible in Britain and other European countries, but will be 
seen in several parts of North and South America, and the 
islands of the Pacific ocean. 

This planet, notwithstanding its comparative smallness, 
forms a portion of the Divine empire, and is capable of con- 
fining a population larger than even* that J of our globe. 
Though diminutive in its appearance, and seldom seen by 
the inhabitants of the earth, we can scarcely doubt that there 
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aire td be found on this, planet millions of seatient and intelli- 
gent beingsfc— perhaps far superior in dignity to man— »»with 
constitutions fitted for that sphere hVwJuch Providence har 
placed them, and with mental poweis which qualify them to 
know, to love, and to adore- their great Creator. ' For it may 
be considered as an axiom, .that the material universe was 
created, and is still preserved in existence, chiefly for the 
sake of sensitive* and intellectual natures; to afford them- the 
means of happiness, and-to give them a sensible dismay of 
the character and attributes of the Eternal Divinity, 

SEC. III.— -ON THE PLANET VENJJS. 

Next to Mercury, in the order. of the system, is the planet 
Venus.' To the naked eye it appears the most beautiful and 
splendid star in the heavens, and has been distinguished both 
in aticieht and, modern times as the morning and evening 
star, because in one part of its course, it makes irsjmpear* 
ance, in the west, m the evening, before any other star is 
visible ; and, in another part of its course, it appears in the 
east in the morning, ushering in the dawn, and giving notice 
of the approach of the rising sun. Its distance from the sun 
is reckoned at sixty-eight millions' of miles, being thirty-one 
millions of mites from the orbit of Mercury, and about twenty- 
seven millions of miles from the earth at its nearest approach 
to it. At this distance it is nearer-the earth than any other 
celestial body can approach, the moon only excepted. In 
respect of magnitude^ it is found to be 780(1 miles in diame- 
ter, or very nearly- the size of our globe. Its surface contains 
one hundred and ninety^one millions of square miles, and the 
quantity of light it receives from the sun is nearly double ot 
that * which falls upon the earth, on account of its greater 
nearness to* thefsun, so that that luminary will appear from 
its surface twice as large as it does .to us. From a variety of 
observations which have been made on this planet, it appears 
that it has a, rotation on its axis, which is accomplished in the 
period of 23 hours, 21 minutes ; and as the • period of the 
earth's rotation is 23 hours, 66 minutes, its day is, of course 
35 minutes shorter than ours* 

Discoveries made on Venus by the telescope*— The first 
time the telescope was directed to this planet was in the year 
1610, by the celebrated^Galileo, who iad just a little before 
constructed one of the first 'telescopes. The /chief discovery 
he then -made was, that this- planet, in the* course of its reve* 
lution round the sun, passed through all the phases of the 
moon, sometimes appearing as a crescent, or like the moon 
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when three or four days old, sometimes like a half-moon, and 
at other times with a gibbous phase, or like the^ moon three 
or four days before the -full. That the planet- presents such 
phases to our eye is a plain proof* that it does not move sound 
the earth as its -centre of motion, as the ancients supposed, 
bat round the sun, in an orbit which lies within the orbit of 
the earth. For if it moved in an orbit exterior to that of the 
earth, it never could present to us either a half-moon or a 
crescent phase. At the period to which we allude, the greater 
part of the learned had adopted the- vulgar opinion which so 
long prevailed* that the earth is at rest in the centre of the 
universe, and that all the planets revolve aroupd it. It was 
objected to the Oopernican system, which supposes the earth 
to be one of the planets— and which had been recently 
broached— -that if this were the case* the planets Mercury 
and Venus would appear with all the phases of the moon. 
This was fully admitted ; but it could never be exhibited to 
the organs of vision before the telescope was invented. When 
Galileo had published 4bis and several other discoveries, the 
senators of Venice, who were most -of them eminent for thei* 
love of learning, invited this astronomer to corae,mnd in their 
presence make a trial of his new instrument. He complied 
with their request ; and, on a fine, clear, and serene evening, 
mounted his telescope on the tower of St. Mark, and showed 
them several of the discoveries he had made, and particularly 
the appearance of Venus, which was then near the point of 
its greatest elongation from the sun. One senator after an* 
other beheld the planet through the telescope, and all were 
surprised that more than half of its hemisphere was obscured ; 
that it did not appear round as most of the other heavenly 
Orbs, but inclining to a crescent, with points, or horns, at its 
opposite sides. Upon this Galileo proceeded to, show how 
this phenomenon furnished a demonstrative proof of -the 
Copemican system of the universe. That night was fatal 
to the ancient systems maintained in the schools ; and from 
that period, the true system of the world began to be recpg- 
nised by ail intelligent and unprejudiced minds, and, in the 
midst of every opposition, to be extensively propagated through, 
the world. ' 

After the telescope was improved, and its length and mag* 
nifying powers increased, more particular observations began 
to be made on the surface of Venus. Cassmi, an Italian 
astronomer, with instruments of a large size, on October, 14th, 
1666, at 6* 45" p, m~ saw a small bright spot, near- the sec- 
tion between tne dark *ad bright aide of the planet ' r at. the 
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^me time he noticed two" dark oblong spots nearer the other 
aide of the disk, as represented in fig.. 18. On the 20th of 
April, 1667, in the morning, a little before sunrise, he per- 
ceived, "On the disk of the planet, then half, enlightened, a 
bright spot near the section and toward the lower horn; and 
nearer to the northern horn he saw a darkish, oblong spot, as 
^presented in fig. 19; and after sunrise, iie perceived thai 
the bright Spot was advanced considerably from the southern 
horn ; and From this and several subsequent observations, he 
lrad a plain proof of the rotationof the planet, which he after- 
wards determined to be fn the space of somewhat more than 
twenty-three hours. For many years after this period, we 
have few recorded observations of these spots ; and, indeed, 
they are verf difficult to be perceived, on account of the ex- 
treme brilliancy which this planet exhibits, and the undula- 
tions of-the atmosphere, when viewed at a low altitude in the 
evening." The best time for viewing^the surface of this plane! 
is in the daytime, when it is near the meridian, by means of 
large equatorial telescopes. 




,M. Schroeter, a late celebrated German astronomer, made 
a variety of observations on this planet, from which he has 
deduced several important conclusions. He discovered the 
twilight of Venus, or the stretching of a faint light beyond the 
semicircle which ought to .be alone directly enlightened, as 
shown at fig. 90, where the cusps, or horns, seem to stretch 
into the'dark hemisphere. He deduced from this, and other 
- observations, that Venus has an atmosphere of considerable 
extent, the densest part of which* is above three miles high, 
A similar conclusioa was deduced by a variety of observers 
in different places, when viewing the transit ^of this planet in 
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J761. At the time when iho planet entered on the sun** 
disk,. and when n wt>s about to emerge from the eastern limb 
a faint penumbra 01 dusky shade was seen surrounding the 
planet, which indicated an atmosphere of considerable height. 
M. Schroeier likewise detected several mountain ridges, and 
elevations of great magnitude on the surface of Venus. Such 
elevations are ascertained from, the length of thehr shadows* 
He estimated the perpendicular heignt of one of these moun- 
tains to be ten and a half English miles, and of another no 
lees* than nineteen miles. Although these elevations so far 
surpass the height of the highest mountains on out globe, yet 
such estimates are not tQ be considered on this account as 
improbable. For, in nature, there is an infinite variety, and 
every planet differs from another iq, its arrangements. Such 
lofty elevations will add to the sublimity of nature on the sur- 
face, of this planet, and will afford, from their summits, pros- 
pects far more extensive and sublime than we can at present 
conceive.. 

Apparent motion* of Venus. -+-W ere the planets viewed 
-from the sun, the centre of the 'system, their motions would 
appear nearly uniform, and in one direction* from west to 
east. But when viewed from the earth, or any -other planet* 
their motions appear very irregular* and in different direc- 
tions, and sometimes they appear to make a pause in their 
course. Hence the apparent motions of the planets, as viewed 
from the earth, are said to be either direct, retrograde, or sta- 
tionary. This may be illustrated in the apparent motions of 
Venus, and what is here stated of this planet will equally 
apply to the motion of Mercury. Thus* in fig. 21, let S re- 
present the sun, £ the earth, and a r b f c, al e y f, g, h 9 the 
planet Venus, in .different parts of its orbit, as seen from Xhe- 
earth at E. When it is M a, it is said to.be in its inferior 
conjunction with the sun, because it is then nearly in a line 
witn the sun ; and were it visible, it would be seen nearly 'in • 
the same part of the heavens as the sun. ' But at thjs time its 
dark hemisphere is turned towards the earth, an,d therefore 
is invisible -unless it should happen * as it sometimes does, to 
pass across the disk of the sun. In moving from a to 6, its 
motion is retrograde, or towards the west. In moving from 
b to c, it appears stationary, because the tangent line, or 
visual ray b i, will appear for some time to coincide with the 
orbit of the planet. At c the planet is said to be at its greatest 
western elongation from the sun, when it appears in its great- 
est brightness as a morning star. In passing from c to a, and 
from d to e, its motion indirect, or from west to east. At e is 
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the point of its superior conjunction, when it is again nearly 
in a line with the sun, and when its full enlightened hemi- 
sphere is turned towards the earth. "But at this point it is 
the whole diameter of its orbit, or one hundred an4 thirty-six 
millions of miles farther from the earth than when, it was at 
a, and therefore appears smaller near this position than when 
only the one-fourth of its enlightened side is seen. From i 
to/, and from /to g, the motion is still direct ; from g to A, it 
is again stationary, and from A to a retrograde. . 

Jil- regard to the phases of Venus we may add the follow- 
ing remarks. When Ihe planet is at e, at its superior con- 
junction* if it could then be seen,* it would present a fuH 
enlightened hemisphere. As it moves from e to/, it gradually 
comes into view as an evening star, and at first appears very 

* It has been frequently asserted by astronomical writers that this 
planet cannot be seen at its superior conjunction. The author of this 
volume, however, in the course of his observations on the heavenly bo- 
dies in the daytime, had an opportunity, on the 2d of October,* 1843, of 
seeing this plane t, within a few minutes Of the time of its superior Conjunc- 
tion, when it was only 58 minutes, or less than 1 degree, from the sun's 
margin. It Was viewed with a thtee-feet-and-a-1ialf achromatic tele- 
scope, magnifying- 95 times, and. appeared round and pretty distinct, 
though partjy immersed in the solar rays. This circumstance proves 
that the surface oi Venus reflects die solar rays with peculiar brilliancy. 
sfrore than that of any other planet. For annate particular account of 
tilts observation, see, "Edinburgh New Philosophical Journal" for J ami <, 
nry, 1644. 
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low near the point of the horizon where the tun sets. Its> 
motion appears slow on account of its distance from the earth, 
and it is sometimes two or three months, after passing the 
point of its conjunction, before it becomes distinctly visible to 
the naked eye. When it cornea to the point/ it exhibits a 
gibbous phase, as seen by the telescope. As it moves on- 
ward towards g, its apparent size increases, and its gibbous 
phase gradually declines to that of a half-moon. At g it ap- 
pears like a half-moon inclining to a crescent. About this 
point of its orbit is the period of its greatest brilliancy, and, rn 
certain years, when in this position, it may be seen in the 
daytime by the naked eye. At the point A, it appears of a 
crescent form, and while moving from A to a, the point of its 
inferior conjunction, its crescent becomes more slender, but 
at the same time more expansive, till it appears like the cres- 
cent of the moon when she is less than two days old. .At a, 
the dark side of the planet is. turned towards the earth, and 
consequently invisible. The period* employed in passing 
through these changes, from e to a, is about nine months and 
a half. In passing through the other semicircle from a to 6, 
c, d, e, it becomes a morning star, and, a few days after the 
conjunction, is seen in the east preceding the rising sun. In 
proceeding from a to b and c, its apparent motion is rapid, 
and it presents a crescent phase ; at c it appears like a half- 
moon, and in the remaining part of its course to e its phase is 
gibbous, till it arrives at the superior conjunction/when it 
again presents a full enlightened* hemisphere. The time 
employed in moving from the inferior to the superior con- 
junction is, as formerly, about nine months and a half. 

The following figures represent the phases of this planet, 
and its gradual increase of apparent size from the period of 
it* superior conjunction to its inferior. Pig. 22 is its phase 
as a full enlightened hemisphere^ and its proporjional size 
when compared with fig. 80, which represents it, when near- 
est the^earth at its' inferior conjunction. At this time, it is 
five tiroes nearer, and consequently five times larger in diame- 
ter, and twenty-five times larger in surface than it appears at 
its superior conjunction. Figs. 23, 24, 26, represent differ- 
ent degrees of jts gibbous phase ; 26, its -half-moon phase ; 
27, 28, 2d, Its crescent phase ; where it will be seen, that as 
the breadth of the crescent diminishes, its expansion and length 
increase, as it is then approaching nearer the earth. Fig. 30 
represents its dark side turned iowardsrus at the inferior con- 
junction* In moving from the. inferior to the superior con- 
junction, it passes through-all these phases in a reverse order. 
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First it appears as 29, then as 96,/ and til it arrives at the 
phas.e fig. 22, v 




We shall state only the following additional factsiespecting 
this planet. The period of its revolution round the sua is in 
224 days, 1 6 hours, during which time it accomplishes a 
,course of 434 millions of mfles, at the rate of eighty thousand 
miles an hour. Its orbit is inclined to the ecliptic in an angle 
of three degrees twenty-three minutes and a half, and the ec- 
centricity of its orbit is less than half a million of rnjles, or 
about the 3 fffth of its- diameter. - On the ground of certain 
observations, it has been -supposed that it is attended with a 
satellite; but such a body,' if it exist, is seldom seen, and 
therefore its existence is considered '. as uncertain. In its 
elongations; it Tiever remoYes fertheHrom the surrthan from 
forty-five degrees to forty-seven degrees. If its enlightened 
side were turned" towards uawhen it is nearest the earth, it 
would present a surface twenty *five times larger than it gene- 
rally does, and shine with the splendour of a small mobnj 
hut, at that time, its. dark side is turned to the earth. To an 
inhabitant of Venus, Mercury will appear as a morning and " 
evening, star* with mbre splendour than it 4oes to us s and the 
earth, when nearest to Venus, whill shine forth with a splen- 
dour nearly ten times greater than either Jupiter or Venus 
does to us. This planet, like Mercury, sometimes makes a 
transit across the disk of the sun. The last transit happened 
in 1769, and the next will take place m December 9* 1874, 
at eight minutes past four, a. m., which will be invisible in 
Britain, and in most European countries ; but, as it is a phe- 
nomenon, of great importance in astronomy, British astrono- 
* 
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mere wfll, doubtless, be sett to observe it in those countries 
where it will be visible. 

This beautiful pjanet, distinguished front all the ether stars 
by its superior brilliancy, is occasionally alluded to by the 
sacred writers, as the "son of the morning"— u the day star," 
and " the bright and morning star :" emblematical of the Re- 
deemer of mankind, giving light to the world after a long 
night of superstition and darkness, and of its cheering influ- 
ence on the minds of sfnftil men, when the " day star?' from 
on high hath arisen in their hearts. When viewing the bright 
luminaries of the sky, and especially the morning star, and 
when we consider the beautiful orde* and arrangement of 
these orbs, the placid influences they diffuse, and the har- 
mony- with which all their movements are, performed, a con- 
templative mind can scarcely refrain from contrasting such 
scenes with the darkness and disorder which prevail in the 
moral world. While the sun diffuses his splendours by day, 
and the moon and the stars shed their mild radiance by night, 
it is still necessary to the happiness of our world that intel- 
lectual light and sacred joy should be diffused over the minds 
of its inhabitants— of which the light of these luminaries is 
designed to serve as an emblem. When the morning star 
. makes its appearance near the eastern horizori, it is a sign 
that the sun will, ere long, arise, and that the darkness of 
night will soon be dispelled. When the " day star* arises 
on the benighted mind, it intimates that gloom and darkness, 
with all their miserable accompaniments, formerly brooded 
over it : but now that the light of Divine truth has begun to 
irradiate the darkness, it is, a sign that this, light will still in- 
crease, and shine more and more unto the perfect day," till 
at length it blend itself with the glories of the celestial world,' 
where the " sun shall no more go down*" where the Lord God 
shall be an everlasting light, and where the days df darkness 
and " mounting shall be ended." 

.SBC. IV. — ;THE earth: considered as a planetary body. 
(1.)— General view of the Earth? 9 surface, atmosphere, mag* 

nitude, and method of finding its dimension** 
' It may seeur strange to some readers that this world on 
which we reside should be considered 1 a planetary orb,; as, 
at first view,, it appears to bear no resemblance to any of the 
orbs (hat appear in our nocturnal sky. The planets, as they 
are seen in the heavens, by the unassisted eye, appear only 
as comparatively small points of ljght ; whereas the earth, 
from whatever point it is viewed, .appears the largest body 
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oar eye's can anywhem behold, and 'when we traverse its sur- 
laee, either By sea or land, there appear no boundaries - toats 
dimensions. From the positions in which we are permitted 
to view any -portion of the earth— -even when we ascend seve- 
ral miles aboye its surface in balloons— it exhibits no luminous 
aspect such as>hat which the celestial bodies present; so that, 
at first view, we might be apt to suppose that no similarity 
can exist between* our sublunary world and the drbs of heaven. 
Besides, the tnelestial orber are apparently in rapid motion from 
one region to another, while the earth, asra whole, appears to 
be at rest in the centre of the celestial motions. • 'Whether we 
sit in our apartments, or walk in r the fields, we^feel no motion , 
in fhe solid earth which supports us, and are apt to imagine 
' that the portion of the globe on which we dwell remains in- 
variably in the same point of infinite space. We perceive 
no motions connected with our world "but those which are pro- 
duced by the rivers, -the ocean, the . atmosphere, and subter- 
ranean concussions, and those which are the result of the* va- 
rious processes of the arts— the flux and reflux of the sca- 
the flowing streams — theToaringcataracts^he stormy winds 
—the waving forests — the ships moving on the face of the 
deep— and the steam-carriages* with their hundreds of passen- 
gers flying along the railway course. There is not, perhaps, 
one out of a thousand of the earth's inhabitants that has the 
least conception that— besides every other movement Of which 
he is susceptible— he is carried along through the regions of 
infinite space with the rapidity of thousands of miles every 
hour. Yet this is a fact which is not merely probable, but 
certain, and can be Remonstrated to the conviction of every olie 
who is willing and qualified to enter into such investigations. 

Could we take our station on the surface of the moon, we 
should behold the earth hanging like a great globe in the fir- 
mament, appearing with a surface about thirteen times larger 
than the moon does to us, and turning round its 'different 
sides to our eye— sometimes presenting the view"bf America 
arid the Pacific Ocean, and at other times Asia, Africa, Eu- 
rope, and the Atlantic— -sometimes appearing ilike a Jarge 
crescent, or half-mooni artdV at other times with a full en- 
lightened hemisphere. Were we placed on ; the surface of 
Venus, we should behold the globe on which we live appear- 
ing in the azure sky like a large bright star, as that fianet 
appears to us when an evening or -morning star ; and the 
moon, which appears so large - in our frrmttment would be 
*een only Kke a very small star, very, near the earth, and 
constantly moving around^ it. -At .certain time*, the earth 
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jveuld apyar nearly ten times larger than Venn? does to n*, 
and ^ould present the-appearance of a small brilliant moon. 
Were, we placed on the planet Mars, .which is much further 
from the sun than Venus, the Earth would appear alternately 
as a morning and evening star, exhibiting different phases, as 
Venus does to us, but with a less degree of size and splen- 
dour. It might not, perhaps, shine- with so much brilliancy 
as Venus, but it would probably appear with a lustre similar 
to. that winch Mars presents to us. Nor need it be wondered 
at that the^earth should appear as a luminous body from 
such distant positions ; for we have demonstrative proof that 
Venus, Mars, and, all the other planets, though they appear- 
like shining orbs, are in reality dark bodies like the earth, 
and have no light of their own but what they receive* from 
the sun ; arid it is only when the portions of their sides which 
are enlightened by the sun are turned to* us that they are 
seen in the heavens. On some occasions, the dark side of 
Venus is completely turned towards the earth, and then she 
is invisible ; and sometimes^ when in this position, has been 
seen, like a dark spot, to pass across the face of the sun. 
These and other circumstances demonstrate that the jrianets 
-are in themselves dark bodies, and shine only by reflection ; 
and consequently that the earth, though a dark body, will 
appear to shine at a distance by reflecting the solar rays 
which fall upon it, as the moon does to .us. 

We l^ave^already proved, that, as a planet, the earth turns 
round its axis every twenty-four hours; and, hxthe seque), 
we shall endeavour to show that it also moves jround the sun 
in company with the other planets. In the mean time, we 
may take a brief view of .the surface of our globe, which, |n 
some of its features, may, perhaps*resemble those of some of 
Jhe other planetary worlds; 

When we cast our eyes around us, and take a general sur- 
vey of the surface of tne earth, thousands of objects present 
themselves to the view which demand attention. One of the 
most obvious and common arrangements which we behold in 
almost evpry country, is the verdant covering of the earth, 
which is formed by an assemblage of herbs, plants, shrubs, 
and trees of various shades, which diversify 4he landscape, 
and refresh the organs of vision; for there is no .colour so 
pleasing, and which refreshes the eye so. much as the various 
shades of green. When we en&rge the circle oT pur view 
by travelling through, different countries,, we behold objects 
of a more grand ana magnificent description ; ranges of 
nvmntains, hundreds of miles in length, with their summits 
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rising above the elbuds, presenting a scene of rugged gran- 
deur and sublimity; rivers*, rolling their vast masses of 
waters, in courses of hundreds or 1 thousands of miles towards 
the ocean, in which they are absorbed } the ocean itselfi in 
its numerous windings, spreading its -immense sheet of waters 
over more thaa.half the globe, rising and subsiding at certain 
intervals, and' forming a medium of comttfunication between 
*he most distant regions of the globe. In various regions of 
the earth, we behold expansive lakes and inland seas diver- 
sified with numerous islands, lofty and abrupt precipices, 
capes and promontories, dashing * Cataracts, unfathomable 
caverns, rapid whirlpools, avakncnes hurling down the de- 
clivities of lofty mountains, the icebergs of the* polar regions,, 
the luxuriant scenes of the torrid 2one, and numerous' volca- 
noes surrounded wtift smoke, and pouring forth from their 
craters ashes, flames^ fnd-ftot -etones, and streams of melted 
lava on the surrounding regions, - 

When we contemplate bur globe in its largest and most 
general features, we find its surface divided from north to. 
south by two large bands of earth, and two stilt larger bands 
of water, which exhibit a somewhat irregular appearance, 
presenting a number of wavings and indentations, and a great 
difference of breadth in 'different places. The first band of 
earth is the Eastern Continent, comprehending Europe, Asia, 
and Africa, the, greatest length ofc' which is m a Hne beginning 
about the northern v part 'or Tkrtary, and extending to the 
Cape of Good Hope, or from A'td B, fig. 81 9 which Hne mea- 
sures about 10,000 miles from north-east to south-west. This 
body of land contains thirty-six millions of square miles, 
forming nearly one-fifth of the surface- of the terraqueous 
globe. The other band of earth is the Western Continent, 
which coiripfehends North and South America. Its greatest 
length is in, a Kne from the mouth of the river Plata, in Soutk 
America, to the land beyond Hudson's bay, or from C to D.. 
This line -measures- eight thousand miles ; and .the whole t)f 
this continent contains fourteen millions of square-miles, being 
liftte more than , one^third of the western continent. South- 
tost of ih.6 Western continent ia a large {tody of land, which 
may be considered as a third continent ; namely, New Hol- 
land; whSch* is 2400 miles ia. length, and 1800 in breadth, 
and contains nearly three millions of square miles. . Besides* 
the bands of earth rfow specified, there are numerous exten- 
sive portions of land dispersed throughout the ocean, such a* 
the islands of Madagascar, Sumatra, Borneo, New Guinea* 
Great Britain, Iceland, and hundreds of others. ~\~ 

Digitized by VjOOQ IC 



w 



SKB-SAKA. 




Between the. two large " continents now stated, lie- two im- 
mense bands of water, which are called the Pacific and the 
Atlantjc oceans. ^The Pacific is at least 11,060 miles from 
north to south, and 10,000 miles irf breadth from east to west. 
The Atlantic is about 8000 miles broad from east to west, 
arid more than 10,000 miles in length from north to south. 
It lies between the western shores of Europe and Africa, and 
the eastern shores of America. The Pacific -occupies , the' 
whole range between the western coasts of America ani the 
eastern coasts of Asia, occupying nearly the "one-half of the 
globe. The relative positions of these continents and oceans 
will be seen by an inspection of fig. 81, where ^t may be 
Boticed that the projections of the eastern Bide of the Ameri- 
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cte continent neftdy con&ftoni with the mcfenfcrtioiis of the 
Western side of thie^eftstern continent; so that, if we could 
ceoseive the two cpatinetrts brought together,' they would 
nearly correspond, so -as to form one compact continent with 
twe* or three snrall gulfs between them* The following are 
nearly the ^dimensions of the different oceans. The Pacific 
covers eighty millions of square miles;- which, i& {ar more 
than the extent of alLthedTy land on the face of the earth. - 
The Atlantic covers twenty4veHnillioos$ the Indian ocean, 
thirteen millions ; the Southern ocean twenty-five millions * the. 
Northern ocean five-millions ; the Mediterranean one million? 
the Black Sea 170,006 square miles; the Baltic 175J0Q0; the 
North Sea- 160,000. And if? -as La Place has estimated, the 
tides demahcVan average depth of -three miles, the whole ocean 
wiH contain 4SQ millions of cubic miles. *- : The whole surface of 
the ocean, tben> contains about; 149 millions of , square, miles* 
which is more than three times greater than the surfeee of the 
land> which contains only forty-nine millions of square miles. 
Around this vast body of land, and water the Creator has, 
thrown an atmosphere, or body of air, which is as essential* 
to-the existence and comfort of the living beings that dwell <on 
its surface, as any other arrangement respecting our world. 
The -denser^ part ef this body of air jextends to the height of 
about forty-five' miles above the-sujface of the earthy but its 
density gradually decreases in* proportion as we ascend into 
its" higher regions ; and a| a certain height it is unfit for respir 
>t*atibn nnd giving play to the animal functions. This atmo- 
sphere, though almost impalpable to our senses^ ia now- 
ascertained to be a compound substance, composed at two 
very different > and almost opposite substances, -as. to. their 
dualities. One of its ingredients, which forms about four- - 
fifths of the whole atmosphere, is of such a nature that no 
fire will, burn in it; and if lnan,t>r other animals breathe it, 
life is almost instantly extinguished^ The other ingredient, 
which forms onljr one-fifth of the- atmosphere, is the principle* 
oT combustion* and produces the most rapid and splendid de- 
flagration of ail combustible substances, and even a steel wire, 
made red hot, if plunged into this species of air, will take fire 
and bum with the ufinost brilliancy. Animals might breathe 
it for some time without much annoyance ^ but it would soon 
waste the functions of the animal system. It is by an admi- 
rable combination of these two opposite principles that the 
air we breathe is constituted; and in this combination, the 
wisdom and goodness' of our beneficent Creator is clearly 
manifested ; for had these principles been combined in a very 
' 7* 
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different proportions pain, suftbcatio&, or death might have 
heen produced in all animals that breathed it. it is in thi»- 
atmosphere that the birds fly, and the- clouds *re suspended 
— where rain, hail, and snow are formed — where a portion 
of the ocean, of the seas, and of the rivers, Is continually as- 
cending, to form those clouds which water, and fructify the 
earth— it is the medium in which whirlwinds rage, and light* 
nines flash, and thunders roJl; and were it swept from the 
earth, or were its constituent principles materially changed, 
every living being would soon disappear from all the regions 
of earth, air, and sea* Were the Creator disposed to destroy 
the human race on account of their- transgressions, he has 
only to extract one of the ingredients which compose the 
atmosphere which surrounds us, and the awful catastrophe « 
is at once accomplished ; so that, in his "hand is the .soul of 
every living thing, and the breath of all mankind." But his 
forbearance, in this respect, is a palpable evidence that he is 
"slow to anger," "merciful and gracious," "abundant in 
goodness,'! and that. 4 * his tender mercies are, over all his 
works." 

In regard to the magnitude of the earth, k may be stated 
that its f circumference, or a line going qujte round it, mea- 
sures about 24,912 miles; and, of course, its diameter, or a 
line passing from one side to another through its centre, mea- 
sures 7930 milesj* and the number of square miles on its sur* 
face is about 197 millions. It has been ascertained, by various 
experiments and measurements, that the earth, strictly speak- * 
in?,. is hot exactly of the-v shape of a globe, but of an oblate 
spheroid, being somewhat flattened at the poles, and having 
its polar diameter afyout twenty-six miles shorter than the di- 
ameter passing through the equator. But. the difference is 
so small, compared with the whole bulk of the earth, thai 
though a spheroid were constructed of the exact shape of the 
earth, and. fifteen feet in diameter, it could not be distin- 
guished by the eye from a common globe,. 

To some readers it may appear somewhat strange that we 
should speak with so much confidence of the bulk and dimen* 

* As the circumference of a circle or globe is found by mathematician* 
to bear a certain definite proportion" to the diameter — when the one is 
known the other 4 is easily determined by calculation* The proportion of 
the circumference of a circle to its diameter is nearly as 22 to 7 — more 
accurately as- 3.1416 to 1. Therefore, if we multiply tjie circumference 
by 7, ana divide the product by 22i we obtain tfee diameter* nearly. And, 
it we multiply the diameter by ,22* and divide by 7, we obtain the cir- 
cumference. But we obtain the' result more accurately by multiplying 
the- diameter by 3.1416, in order to obtain the, circumference ; and by di- 
viding the circumference by 3.1416, to obtain tjre diameter. 
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sions of-thewbrld tte five to, which has never yet been com- 
pletely explored ; and they may, perhaps, wish to know how 
it is possible 'to determine its' magnitude, figure, and other 
properties- and relations. It must be cpnfessed-that to mea- 
sure the earth, an^d* determine its magnitude, and its exact, 
figure, is one of the most wonderful' enterprises which has 
ever been undertaken by man. " How shall a creature, only 
six feet lngh, whose longest measures are yards, potes, and 
chains,* be able to traverse every region of this great world, 
and measure its dimensions ? His stature and his longest 
measures "are, when compared with the whole earth, but as a 
grain of- sand to a range of rfjountains. Besides, there are 
portions of the earth which ijave never yet .been reached 
either by sea er\ land ; and although he were to carry his 
measuring lines akmg with him, andextend them to furlongs, 
miles, and leagues, yet he could not go round the circumfe- 
rence of the earth to obtain its exact measure. - Mountains, 
rivers, seas; and oceans, and many other obstacles would be" 
continual impediments in his way, and would soon put an 
entire stop to his progress, and the attainment of his object. 
But, notwithstanding such difficulties, man, by the exercise 
of his rational powers, and the knowledge he has acquired 
of the positions and motions of the heavenly bodies, has been 
enabled to determine, to a very near approximation, the exact 
dimensions of his earthly habitation, without putting himself 
to the trouble of travelling to the most distant regions, or even 
removing from the land of his nativity. . 

When the earth. was ascertained to be nearly o£a globular 
figure, and when the method was discovered of finding the 
distance of any place from the equator,* or, in other words, its 
latitude, a foundation was laid for finding the circumference, 
and other dimensions of the globe. , Every circle, or every 
circumference of a sphere, whether great or small, is divided 
into three hundred arid' sixty equal. parts. This number, 
three hundred and sixty, is arbitrary, and any other number, 
such as four hundred, six hundred, er one thousand, might 
have been fixed upon ; but mathematicians, in moat coun- 
tries, have fixed upon three hundred and sixty as the number 
of degrees or. divisions r in a circle ; because, in the first place, 
it was formerly supposed to be about the number of days in -a 

* The equator is a £reaf circle of the earth, equally distant from the 
north and south poles, and divides the globe into two equal parts called 
the northern and southern hemispheres. From this circle the latitudes 
of places are counted, either, northward or southward. It is represented 
fr^tneline'E Q, in fig. 9 <■ ^ 
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year, and fa the next place, because if id a number that mmf 
be divided into halves, quarters, and eighths* "without frao 
tions. Now, in order to obtain the dimensions of the earth* it 
was only necessary that one degree on Its surface-should be 
accurately measured in order to obtain "the- whole circumfe- 
rence. To accomplish this, we must draw a meridian line- 
that is, a line that runs dfrectry north and south, at any place 
we make choice of for the first station /and find the latitude 
or height of the pole at that particular place. We must then 
proleng the meridian line, either northwards, till we come to 
a place where the latitude is exactly one degree more— -or 
southwards,, till it is one degree less than at the first station. 
We imist then measure the distance between these two 
places, in miles, leagues, yards, or any othqr known, mea- 
sures ; -and then we obtain the number "of miles, etc., con- 
tained in one degree, of the three hundred and sixtieth part 
of the earth's circumference ; and the number of miles, etc., 
contained in one degree,- being multiplied by three hundred 7 
and sixty, gives the whole circumference of the earth. And 
when the circumference is obtained, the diameter -may be 
found by the rule given* in the preceding note, (p. 78.) 
And when the circumference and diameter are known, the 
number of square miles on its surface, and the number- of 
cubical miles in its solidity may be. obtained by an' easy cal- 
culation. But although one degree accurately, measured 
would determine the dimensions of the earth, yet more accu- 
racy is obtained by measuring three, fire, eight, or ,t«n de^ 
grees, as has been- done by several European nations. 

On the general principle now stated* Mr. Richard Norwood, 
in the year 16B&, attempted to find the circumference of the 
earth by measuring a meridian line between London and 
York. He took the sun's altitude when it was in the sum* 
mer solstice, both at London and York; with a sextant of 
eight feet radius, and by that means found the difference of 
latitude between these two cities to be two degrees and twenty- 
eight minutes*. He then measured their distance, in as exact 
a manner as possible ; and having taken into the account aH 
the turnings and windings of the road', with the ascents and 
descents, he reduced it to an ore of the meridian, aod found 
it to contain 12,849 chains ; and this distance being Compared 
with the difference of latitude, gave 5,209 chains, or 367,200 
^English feet to a degree, which is equal to sixty-nine and a 
half miles and fourteen poles, and which was considered as a 
aear approximation to the truth, according to jvhich the cb> 
cumference of the earth would be about 25,035 miles. Since. 
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Us time,, various admeasurements hay© been made of difierent 
parts of tke earth's surface, from which its extent has been 
still more accurately ascertained. The French have mea- 
sured a meridian line extending from Dunkirk to Formentara, 
an island in the Mediterranean, an, extent of about eight de- 
grees ; .and a trigonometrical survey, for the same purpose, 
imder the direction of the British government, has lately been 
extended over Great .Britain. From all the admeasurements 
hitherto made, it appears that, on an average, a degree of the 
meridian may be reckoned at sixty-nine and. one-fifth English 
miles ; which makes the circumference of the globe 24,912 
miles. It may just be noticed farther on this point, that, as 
the earth is not- an exact spheres but. a spheroid, a degree 
of latitude must measure more in the polar regions than near 
the equator. From actual measurements, it has been found 
that a degree of the meridian in Lapland, measures six and 
a half English fturlongs more than a degree at the equator. 

1$.)^-Proofs of the annual motion of the Earth. 

We have formerly demonstrated the- diurnal rotation of the 
earth which causes the appearance of the rising and setting 
of the sun, moon, and stars. We now proceed to state very 
briefly some of those considerations or arguments by which 
it is proved that the earth revolves round, the sun; as the 
centre of tjie system, once every year. 

In the first place* there are certain general considerations 
that render it highly pwbable, if' not certain, that the earth 
must have a motion round the sun. If* we admit the annual 
motion of the earth* then all the phenomena of the heavens, 
and die apparent .irregularities of the planetary motions are 
completely: accounted' fof^and the whole system presents a 
scene, of unity, harmony, and order, worthy of the perfections 
and the plans of Him who is "the only wise God,"— who 
«*hath established the world by his wisdom, and hath stretch- 
ed out the heavens by his understanding." Whereas if the 
earth be supposed at rest iri the centre of the system, the 
order and harmony of the solar system appears- completely 
destroyed* the. motions of the planets present an inextricable 
maze, their phenomena cannot bfr accounted for on any ra- 
tional principles, and no evidence of wisdom can be traced in 
the arrangements .of the system to which they belong. Again, 
th^sun is the fountain of light, and heat for irradiating and 
cheering all the-planets and other moving bodies of the sys-~ 
tem, and therefore it is- necessary that this luminous orb 
should be placed in the cent je, from which position alone us 
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ray* can be districted in ptope^ ro f w r tfem B to*!! the world* 
wnich Tevolve around it. 'Were the earth at rest in the centre 
of the system, and' the sun and the planets revolting around 
k, as was formerly supposed* the planets would be at certain* 
times at very different distances from the sun ; and oonse* 
quently, in one part of their orbits, they Would be scorched 
with superabundant heat, and in another part frezeri with? 
insufferable cold. But from the centre of the system ^the* 
emanations of light and heat can be equaBy distributed to aU 
the planets, whether primary or secondary? and the whole- 
presents to view a system 1 of harmony and order. 

The following summary of arguments on this* point-niid 1 
our limits permit us to explain and illustrate tbem-=— would 
appear demonstrative to every one who is acquainted with' 
the subject. 1. The planets Mercury and Venue fire ob- 
served to have two conjunctions- with the sun, But are never 
in opposition to that luminary, that is, they are never seen iir 
the east, or opposite part of the heavens, when the sun has 
just set in the west. Now this circumstance could not possi- 
bly happen, unless the orbke of these planeta ky -within the 
orbit of the earth. If they revolved around the earth as a? 
centre, as the- ancients supposed, they might frequently bar 
seen m opposition to the sun. % The greatest elongation, o* 
distance,' of Mercury from the sun is twenty-nine degrees} 
and the greatest elongation of Venus, or the distance to whlcb 
it ever recedes from the sun, is forty-eight degrees, which 
correspond exactly wi|h the distances assigned them in the! 
system ; butif they moved round' the earth as a centre, they 
would sometimes be seen one hundred and eighty degree* 
from the sun,r— a circumstance' which was never observed 
either in ancient *h% modern times. 3. The planets, Mart, 
Jupiter, and Saturn, and all the other superior planetr, have* 
each their conjunctions* with the sun 1 , and oppositions to him, 
which could not be; unless their orbits were exterior to the 
orbit of the earth. 4. In the arrangement of the pkriete-^* 
according to the system which places the sun hrthe centre**-* 
tiiey will all be sometimes much nearer the earth than at 
other times ; and, consequently* their brightness *nd apparent 
diameters will be proportionally greater at one period than at 
another, which corresponds' with every- day's observations^ 
But according to "the aystem which places the earth in the* 
centre, their apparent magnitudes should always be the same* 
which is contrary to fact ; the planet Mars, for instance, being 
m one part of its^course, five times nearer the earth than ill 
another, and consequently appearing' twenty-rlv* times large* 
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mvsurfeqe. ; 5, JJUfee planejs, in their movements through 
the heavens, are seen sometimes to. move toward the. east, 
sometimes towattl the west ; and at certain points of their 
orbits, they appear fixed for some time in the same position ( ; 
all which diversities of apparent motion are the necessary 
gesults of .tl^e earth's annual ifcotion, and are, completely ac~. 
counted fojy when the sun is considerexl as the centre of the 
systerr^aod the earth as revolving hetween the orbits, of Mars 
and Venus. But they aFe altogether , inexplicable, on the 
opposition that the earth is at rest in the centre of the sys- 
tem. 4J. .When the placets Mercury and Venus are viewed 
through good telescopes, they are found to assume different 
phases, in different parts of their orbits, sometimes appearing 
gibbous, sometimes like.a.haif>niaon, and at other times %e 
.a cre8cent,-p*r a full ^enlightened hemisphere — as formerly ex- 
plained ; which 40uld never happen, if they revolved round 
the earth jas their centre, and if the -earth were not placed in 
an orbit exterior teythat of Venus. - But such phases are the 
•ftecessary' result of this position of the earth in the solar sys- 
tem. 7. The law discovered by Kepleji.that " the squares 
of the foodie times of t£e revolutions of the planets are in 
proportion to the cubes of their mean, distances from the 
8$tp," is a law which is established on the most accurate ob- 
s#rv«*ions, ani by which all the planets both primary and 
secondary are regulated. For example,. Venus ^revolves 
round the sun in 234 days, and the. earth in 36$, and the 
mean distance, of the earth from the sun is ninety-rive mil- 
M#os of miles, jlence, as the square of 365=^133,225, is to 
the square of 224=*50,176, so, is the cube of 95,000,000==? 
857,876,000^00,000,000,000,000 toa fourth number, whic^ 
Ui the cube of the. mean distance, of Venus from the sun. 
And if 4he cube root of this number Be found, itjwill give, 
«bout sixty^$ight millions of miles for her real, mean distance. 
But this, law, which appfces to all the heavenly bodies' with* 
oat e*ception^i» completely set aside and destroyed, were the 
aim and planets to he. considered as moving round the. earth 
as the centre of their motions* In shdrj, were we to suppose 
the earth at restin4he centre - ojf .the ^planetary system, ihe 
{notions of all the planets ^would present a scene of inextricar 
■fele -confusion-- a. scene of etuch disorder aqd confusion, as 
.woulcLpuzzlje not only man, but the most intelligent. archr 
angel to account for, and^to explain in consistency with the 
perfections of a Being of infinite wisdom and intelligence.* 

* Those mho VdoldVwiBh to>see a full illustration of the above argu- 
ments are referred to " Celestial Scenery, or tha Wonders of the Planetary 
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The meet complete and sensible demonstration of <he an- 
nual m6tion of the earth is furnished by Dr. Bradley's dis- 
covery of "the aberration of the light of the fixed stars." In 
endeavouring to determine the annual parallax- of the stars, 
he discovered that they aTe not motionless, hut that, during 
the time, the earth takes to traverse its orbit, such of them as 
are in a plane perpendicular to this orbit, appear to describe 
circles. This is the phenomenon called ** the aberration" of 
light,"' which is found to be the motion of light combined 
with the progressive motion of the earth in its orbit, which 
causes the stars to be seen in a different position from what 
they would be if the eye were at rest. But as^the explana* 
tion of this phenomenon would require some minute details, 
and several figures for its illustration, and as itjnight not be 
understood -by general readers, we will defer in the mean time 
from entering upon any further statements. We may just • 
remark, that the fact of the aberration of the stars exhibits 
the motion of the earth to our senses as dearly as if, from a 
fixed point in, the* heavens, we actually beheld it pursuing its 
course through the ethereal regions. 

It is of importance that we acquire clear- and convincing 
views on this subject, in order that we may entertain correct 
and honourable conceptions of the perfections of the Creator, 
arid of the wisdom and intelligence displayed in the arrange- 
ments of his works. For, in all cases, we' judge of the cha- 
racter and perfections of the designer and workman from" the 
qualities and perfections which appear in their works. If we 
view the works of the Almighty through a distorted medium*, 
we shall be apt to entertain incorrect and distorted views of 
the attributes of tlim who designed and formed- them. * If 
we view the eairth as at rest in the centre of creation, and *he 
sun, mpdn, planets, comets, and stars^MU other words, the 
whole universe— revolving around us eveuy .day, with mo- 
tion's so rapidas to-exceed all calculation and comprehension; 
or if we suppese the planets moving backwards and forwards 
without any order, and presenting in their motions a series 
of looped curves and mazes without any marks of design, 
and exhibiting a scene of inextricable confusion ; we -should 
scarcely be led to entertain high and honourable conceptions 
of the wisdom of Him. who formed such arrangements; fojr 
the marks of Divine mtelligencei on such suppositions, would 
nowhere appear. Whereas,, m the true system* of the un> 

System Displayed ;" -[Vol. 7. Uniform Edition of Dick's Works,] where 
these and several other arguments art illustrated iff minute detail, and 
by reference to engravings, v . , -,,->. 
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verse which science has laid epem, the marks -of wisdom and 
intelligence, hannony and design, are everywhere apparent, 
an<T present a scene of operation worthy of the perfections of 
Him who, " established tpe world by his wisdom," and whose 
**- understand ing is infinite." Henfce the necessity of acquir- 
ing correct views of the woAs^of creation and providence, 
and of the arrangements which" exi$t m reference to our world* 
and to the universe around us ; v for upon such views our 
conceptions of the. great object of our adoiation wiH, in a great 
measure, depend. > When, .therefore, we ofcey the Divine 
command and u lift up our eye^on high, a^d behold the Won- 
ders of Alrajghty Power,' *~and '•-stand still and consider the 
wonderful work* of God," we are. to contemplate them, not 
through the mists of ignorance, or vulgar prejudice, nor with 
the vacant stare of a savage ; but with tne eye of a Chris- 
tian phitosopher,arid through the light which modern science 
has diffused^ over the wonders of creation:; and the more we 
contemplate them in this light, the more clear and expansive 
will our conceptions be of the attributes of the " high and lofty 
One who iahabiteth eternity," and who. presides Over all the- 
movements of the universe, '."'". 

(3.) — Phenomena arising^ from (he annual motion. of the 
1 , ' . earthy 

In the first place, if the earth revolve around the sun once 
every year, it is evident that the sun will appear to make a 
revolution. round the heavens in the same period. ^ In jig, 32, 
Jet S represent the sun at rest in the centre, and ABC D the 
earth in four positions; and let us suppose the earjth to move 
in tne order of the letters A' B C D ; it is evident that, when the 
earth isLat A, the sun will appear in that part of the heavens 
where thenars at G are situate. When the earth has moved 
to B, the sun will appear to have moved to the stars opposite 
H ; and in like manner, when the earth has moved to C, the 
sun wilkappear opposite to E ; and when it has moved to f>, 
the sun will appear at F ; after which it will again appear at G # 
when the earth has moved to A. And as the earth revolves 
aroufld the sun in the orbit A B C D, so the sun will appear, to 
a spectator dn the earth to describe the circle in the heavens 
EFGH. Hence it is, that we see the sun gradually proceed- 
ing in his course round the concave of the sky from west to east- 
at the rate.of nearly one degree^ every day, through the twelve 
signs or constellations of the zodiac; and at the end of a year, 
be returns to the same point from which he set out. Hence ake 
it follows, that if dp plane of the earth's orbit be'imagined to 

Vol. X. 8 
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be extended to the heavens, it would ctrt the starty firmament 
in that very circle in which a. spectator in the sun would see 
the earth revolve evejy year,- while an inhabitant of the earth 
wquld observe the sun to go through the same circle in the 
same space of time, This circle is called ^he Ecliptic, or the 
apparent path of the sun through thehteavens. And, although 
the path of the sun, and the particular etara he is passing 
along, cannot be seen in the daytime, yet, from observing the 
stars that aite directly opposite to him at night, We'-can tell at 
any time what particular stars the sun is passing, along in 
every* part of his course. 

The inhabitants of aH the other planets will perceive simi- 
lar motions in the" sun as we observed, but performed/ in dif- 
ferent periods of time, according to the times of their annual 
fevolutions. For example, an inhabitant of Jupiter would 
see the sun apparently revolving around him,' describing a 
circle 'in the' heavens m the space of twelve years. This 
circle would not be exactly the same as our ecliptic, because 
the orbit of this "planet, is somewhat inclined to the otbit of 
the earth'; but it woulchpass very near it. In the course of 
One of our years the sun, from Jupiter, would appear to pass 
through only a twelfth' part of the circumference of, the hea- 
vens. The sun. from' Saturn will appear to move ito another 
circle in twenty*nme ; years' and a bal^; and a' spectator in 
Venus will see the sun moving in a. circle different from all 
these, with greater apparent rapidity, in the space of seven 
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and a half months. - All these apparent motions of the stra 
arise from the real motions of the respective planets* 

In the next place, the annual resolution of the earth shows 
the reasoli why we- behdjdone set of stars in our firmament 
at one season of the year, and another set of stars at a dif- 
ferent season.- For example, in our latitude, the stars, and 
constellations which are seen during -the winter months, in 
the south, are altogether different from those which are seen 
m summer; and rthose stars which surround the pole in the 
north, and which never set/if *thev are* helow the pole in 
winter,; they will be seen as far above the pole in -summer. 
At the equator,' where all the stars rise and set, the stars 
which appear in the middle of winter are all completely dif- 
ferent from those which are seen at the same hour m the 
middle of summer. This is easily explained by the pre- 
ceding diagram, (fig. 32,) in which the earth, in four situations 
in its orbit, appears half enlightened and half in the dark, 
representing day and njght. When it is at A, the sun will 
appear at noon at G, ana obscure all the stars in the hemi- 
sphere F G H; whereas at midnight the point of the heavens 
£ will be in'the meridian, and all the stars in the otherhenrk 
sphere F E H will- be visible* Three months afterwards, 
when the earth comes to the situation B, the sun at noon will 
be -seen at rX and all the heavens GH.E willbe (lay, illumi- 
nated by the sun; and over all the other half- E F G, the stars 
will shine at night. Consequently, the stars by. the quarter 
F G will now be risible, which in the former position were 
obscured by the sun; and those in the quarter H E, formerly 
visible, will become obscured by. daylight. In like manner, 
when^he earth is at'.C, the heavens H E F will be day, and 
F G H night, where all the stars which were obscured, when 
the earth was at A, will now be- visible. And, lastly, when 
the earth is at £), the stars and constellations in the hemi- 
sphere E F G, will be obscured by the light of the .sun, and 
those on G H E will be visible during -the night. Hence, 
every one who is accustomed .to look at the. heavens will havfr 
observed that the bright constellation Orion v the brjUiant star 
Sinus, tvhich follows it, and the Pleiades, or seven, stars, 
wfiich are visible in the southern part of the firmament during 
wintet and the approach of spring, are never seen during the 
summer months, because" the sun is then illuminating that 
portion of the heavens Where they are situate ; but they may 
be seen in the daytime by means of equatorial telescopes. 
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(4.) — On the destination of the earth, or thejinal caui$ofit$ 
" crtatioju 

In the creation, of the inaterial uarverse, tbeTCreator mutt 
have had some grand designs in view, besides the mere for- 
mation of immense globe* of matter and setting them in mo- 
tion, and arranging them into system*. In~e6 far as we are 
able to penetrate, \t appears demonstrable that matter exists 
chiefly, if not solely, for the sake of sentient and intellectual 
beings'. This evidently appears to have been the chief de- 
sign for which our gfefce was created; and we have tha 
strongest reason to conclude that tkie was the main end for 
which all the ether planetary globes belonging to the sofar 
system and to other syfeteme, were brought into existence. 
Hence it is declared in the sacred oracles, when reference is 
made to the formation of out globe, M God formed the earth and 
made- it;— he created it not in vain; he formed k to be in- 
habited;" which evidently implies, that to have created it 
without the design of its being inhabited, would have been an 
instance -of folly inconsistent -with the perfections of Hun 
whose wisdom and intelligence are infinite; and the same 
reasoning will apply to all the other planets, which appear 
to be furnished with every accommodation adapted to sensi- 
tive and intellectual enjoyment. 

In peopling the earth and other globes with inhabitants* 
the Creator evidently intended to give a display of his per- 
fections to beings capable of contemplating it, and to promote 
their sensitive and mental enjoyment. The happiness df his 
creatures must have been one grand design which the -Crea- 
tor had in view, when he breathed into them the breath of 
life, and made them rational and immortal beings. Accord- 
ingly, we find that when man was" a^ first placed upon this 
globe, every thing that was beautiful to the' eye and the 
imagination, and pleasant to the taste, was prepared for his 
accommodation and comfort. The water* were aepamted 
from the dry land— -the earth was adorned with verdure- 
rivers and refreshing streams flowed around him to increase 
his pleasures— -trees, and plants, and flowers of every form 
and hue diversified and embellished the landscape. Light 
was formed, and celestial luminaries appointed to diffuse its 
radiance— a canopy was thrown aroiindhis habitation adorned 
with thousands of shining orbs, to elevate his contemplations 
to -other provinces of his Creator's- dominions*- ^every plant 
and tree yielding delicious fruit was provided to gratify his 
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taste, andr^ffbrd him sustenance ; and all the inferior ranks of 
sensitive existence were, placed. under nis dominion. One 
chief design of the Almighty, in' these arrangements, was to 
show man his dependence, to make him- an adorer,. and a- 
being t capable of knowing and honouring his Creator and 
bountiful Benefactor. He gave him a law which implied 
supreme love to his Maker, and. obedience to his will ; and as 
an ^external sign of his obedience he said to him, " Behold all 
the trees of the garden in which I have placed thee ;>of every 
one- of^them thou mayest freely eat— <only thou shalt forbeat 
eating the fruit of the tree of knowledge.?' This reserve— 
which has been so frequently objected to— ^iid in reality con- 
stitute the chief, glory af. man. None of the inferior animals 
knew their origin or their Benefactor* they could give no 
testimony of gratitude, nor could they exhibit any shadow of 
religion. ; Man alpne was elevated to a rank, and endpwed 
wittu faculties so as to know to whom he is indebted for all, 
hjs enjoyments— and he alone ,was taught td express his grati- 
tude to the Giver of all good ! This constituted the true glory 
of man, and his -superiority over all the other tribes of sensi- 
tive existence. It was^a great -and' honourable prerogative* 
conferred upon him to be able to obey his Benefactor, and to 
adore the hand which had loaded him with blessings: and 
therefore it was proper that a visible emblem of his obedience, 
or the Contrary, -should be continually before his eyes* The 
supreme Creator -stood in no need either of the fruit of a 
certain tree, or of the opinion>,-oi sentiments of man respectr 
ing it. But it was fit that man should make an express pro- 
fession of his gratitude and veneration: and therefore the 
sole exception: which God made in his first transaction with 
man, was/ at once the memorial, of his gratitude, and the 
public expression of iiis piety^ and submission to the Divine 

Will. _ > r. 

But we know that man did not remain in his primeval state 
of innocence and happiness, but by his disobedience " brought 
death into the world, and all our wo." For proof -of this 
position, we have' no. need td enter into Jong trains of reason- 
ing, or even to appeal to the records^ef revelation. The facf of 
man's fall and disobedience is written on the whole history 
of our world from the earliest ages to the present time. For 
what does the history of ajl nations -chiefly record ? It pre- 
sents to our view little else^than wars and commotions, conr 
tentions, and animosities,' and M garments rolled in blood." 
One nation rising up against another, carrying fire and. sword, 
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and alt Che engines of destruction into a* peaceful territory— 
laying waste provinces, burniitg cities, turning- fruitful fields 
into a- wilderness, and slaughtering, with dkbofical fury, thou- 
sands-and tens of thousands of their feUow-snen. This has 
been one of the chief employments of aH the tribes and nations, 
that have ever dwelt on the face, of the earth ; and this fact, 
of itself, is -a sufficient proof that man is no longer in ipa pri- 
meval condition of paradisaical innocence and rectitude, but 
is fallen from his high estate, and his glory turned into shame. 
We trust there is not another instance of creatures endowed 
with rational faculties, and formed after the Divine image, 
acting *in this way, to be found among all the other worlds of 
the universe. And were we, not accustomed to witness suck 
infernal passions and atrocities, and to behold men glorying in 
that which is their shame, we- should be filled with utter 
astonishment and wonder that such horrible actions should be 
perpetrated on each other by brethren of the same feyaiiy, chil- 
dren of the same Father, and beings destined to an imtnortal 
existence. \ 

But the benevolent Father ef nil did not intend that this 
moral derangement should be universal and perpetual. ,Aa 
soon as man had fallen from his allegiance to his Maker he 
displayed his character as a God .of mercy, and* ready to for* 
give* He declared thaj the seed of the woman should bruise 
the head of the serpent— that an illustrious Messenger, in- 
vested with Divine power and authority, should be sent into 
the world at a proper time* to repair tlje fUins of the fall ; "4© 
finish transgression, and to make an end of sins ;"— to bear 
the sins of many, and make " intercession for. the trans- 
gressors." Preparatory to the advent of this Divine Messen- 
ger, certain families were Selected in whicir the knowledge 
of the true God might be preserved— a certain nation, before 
whom astonishing miracles had been displayed, was chosen 
as the depository of Diviife revelation*— a ceremonial worship 
was instituted, jprefigurative of the events and blessings of 
Messiah's reign; prophets were raised up to announce the^ 
coming of the Great Deliverer, and the ^lorioud results of hi* 
administration— the events of Divine Providence towards the 
nations were overruled and directed in such a manner, as to 
, bring about the advent of the promised Messiah in all the cir- 
cumstances which prophets foretold,. and which God had ap- 
pointed ; -and* when the predicted period had* arrived, a re* 
tmue of celestial messengers Was despatched .from heaven to 
earth to announce the appearance of "the Soraofthe Highest," 
of the increase of whose government there should be no ehdj,. 
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and ta proclaim "glory to. God .in tfep highest, and' on earth 
peace, good-wiH towards men." And when- this pelirerer 
appeared on the public theatre of the world, he exhibited the 
most convincing proofs of his Divine mission by the most 
astonishing and beneficent miracles, displaying his «6wer over 
die laws and the elements x£ nature— the spirits of darkness, 
and the disorders of the human frame — " healing all manner of 
sickness and disease,;" causing the deaf to hear, the blind to 
.see, the lame to walk, and the tongue of the. dumb to sing- 
raising the /dead to life, and recalling the departed spirit from 
the invisible world; And, at length, when the great Sacri- 
fice for the *ins of men was about t& be offered^, a series of the 
most august and striking supernatural events attended its 
accomplishmenH-the sun was ckd in 4 Hack, the heavens were 
arrayed in sackcloth, darkness for three hours covered, the 
- whole land, the Veil "of the Jewish temple was renf in twain 
Ifeom the top- to the bbttom A the earthlxembled and shook, the* 
rocks rent- asunder, the graves wfere opened, and many bodies 
of saints that slept, in- the tdmbs arose, to life. On the third 
morning after this solemn scene, the- " Prince of Peace" arose 
victorious from .the. grave, showed hiiriself operdy to compe- 
tent witnesses'' of his»resurtection ; and afterwards, rising above 
the confines of this earthly ball, winged his flight on a, resplen* 
dent cloud, attended by myriads of angels, through distant 
regions which *f eye hath not seen," and. entered into heaven 
itself, there to "appear in the presence of God for us," / 

In consequence of these astonishing and benevolent arrange- 
ments, afl men, every where,' ate now commanded to repent, 
with the full assurance -thaV they shall obtain pardon, peace, 
•aod reconciliation, and every blessing requisite for their hap- 
piness in the present world and in the lifei to come; * * For thus 
runs the message of. the Most High to all the children of men*: 
M God so loved tfye world, that he give his only begotten Son, 
that whosoever believeth in him should not perish, but have 
everlasting life.' 1 * -"'Whom God hath set forth to he a propi- 
tiation throqgh faith in his blood, to declare his righteousness 
for the remission of sms." ** This is the record, that God 
hath given tp ns eternal life, and this life is in his @on." 
These announcements are made to aW the. inhabitants of this 
iwqrld* however vile, and however atrocious the deeds they 
may have committed— to *he ferocious /warrior that has 
slaughtered thousands, and to those who have long wallowed 
tn the mire of depravity and licentiousness, as well as tolhose 
who haxe manifested some external decency of conduct. For 
He who is exalted as a Prince and a Saviour" is able also to 
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save them. to the uttermost that come unto God by Jum.' ' And 
if we believe the record of God, and rest -upon it -as the de- 
claration of a faithful Creator, we shall endeavour "to abound, 
in all the fruits of righteousness" — to cultivate love towards 
God and towards man— "to add to our faith, virtue, knowledge, 
temperance, patience, brotherly kindness, and charity," and 
every other Christian disposition and virtue which jrilHend 
to prepare us for the intercourses and employments of that 
higher sphere of existence where all is peace* and harmony,, 
and love. - v 

.One reason why the benevolent arrangements which have 
been made for the happiness -of man have been so long kept 
hid from the greater part of the world, and moral evil has been 
permitted to abound^ doubtless is,, that an extensive and im- 
pressive display might be given of the dismal and miserable 
consequences which necessarily flow from refusing allegiance 
to the Most High, and from a violation of his laws — to serve 
as a warning not only to the inhabitants of our globe, but to 
the inhabitants of other worlds, of the necessity of submitting 
to the wili of the Supreme, and of the inevitable disastrous 
effects which flow from the prevalence of moral eVil. For if 
the fundamental laws of heaven— love to God and to man— ^ 
were to be reversed, or universally violated, misery would 
pervade the whole moral universe, although it consisted ^of 
millions of worlds ; and happiness could never be enjoyed; by 
any rank of intelligent existence. But, however dismal a* 
scene may have "been presented to view, in the ages that are 
past, we are assured -that a period is approaching — foretold 
by inspired prophets — when the World shall be regenerated, 
when " wars shall cease even to the end of the earth ;" when 
violence and oppression s3id all unrighteousness shall be un- 
dermined and destroyed ; when " \he kingdoms of this world 
shall become the kingdoms of our Lord, and of his Christ ;" 
when " every one shall sit under his vine and fig-tree," with- 
out the least /ear of annoyance ; when " the earth shall be 
full of the knowledge of the Lord, as the waters, cover the 
sea," and "the Lord God will cause righteousness and praise 
to spring forth before all the nations." - Then the antipathies 
of nations shaU be destroyed ; " the earth shall yield her in- 
crease ;" its desolate wastes shall be cultivated* and its ruins 
restored, and all people " shall dwell in a peaceable habitation 
and in sure, dwellings, and in quiet resting-places." And 
when the purposes of Divine Providence shall have been ful- 
fille^d in regard to the .present stale of our globe, its constitu- 
tion shall be changed^ its elementary parts dissolved ; ," and 
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^new heavens and a new earth* v sball • arise wherein right 
eousness. shall for ever dwell. Such is thedestination of our 
world, and such are the arrangements' which its Creator has 

. made in reference to its inhabitants* v 

Some readers may, perhaps, be disposed to say, "What 
has ^11 this theological dissertation to do wkh astronomy? we 
do not see that it has any connection with a. description of the 
solar system." On this point we beg lea v« to differ from 
such objectors. What is the material universe, when sepa- 
rated from ks reference to the Creator, and its relation to 
intelligent beings ? A mere machine, which displays nothing 
but uncontrollable power acting at random, without the least 
trace of wisdom, benevolence, or rectitude. To view the 
planetary system, of other systems', as consisting merely of a 
number of large, globes, wheeling, round their axes, and round 
their suns, in Certain periods of time, is to overlook some (A 
the grandest and most interesting objects of astronomy. To 
suppose all the orbs of heaven to be self-existent and self- 
moving is' absurdity and "atheism ; and to suppose the Creator 
to have formed them^merely as so many august and splendid 
pieces of machinery, without any elation to intellectual na- 
turesy is inconsistent with every idea we ought to form of -the 
attributes of the Divinity. The relation of the material sys- 
tem -to intellectual beings ought,. therefore, to be connected 
with astronomical investigations. We know not, indeed, the ' 
physical and moral characteristics of the inhabitants of Venus, 
Jupiter, or other planets ; but we know, for certain, that if 
they be i^ a state . of primeval innocence -and ^happiness, they 
j*bey4he two grand principles o£ the law prescribed to the 
inhabitants -of our world; — ''Love to their Cfeator, and- love 
to one another,'* witjicfat the observance of which precepts, 
true happiness cannot be enjoyed in any "world in the uni- 
verse, and the whole material creation woujd be nothing else 
than a boundless Pandemonium. 'We know that these pre- ' 
cepts have been generally violated in our world ; and hence 

' the wars, devastations, insurrections, systems of oppression 
and iniquity, and other evils, which have produced so. much 
misery and wretchedness- among the popalafion of our^lobe. 
And shall it be Considered as improper and unphibsophical, 
tha|, m describing the material fabric of the world, those 
arrangements which the Ahnjghty has termed foj the rege- 
neration of society, and tne happiness of the human race, 
should be ©c^asfonatty adverted to. add detailed f We must 
demur lo such a 'sentiment. Philosophy has been too long 
dissevered ftoni its connection with xBjigk>*~-<*o wfcich k oughl 
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ever 1o be allied ; and it is now high time that every depart- 
ment of human knowledge should be studied in connection 
with the moral arrangements of the Aknighty, the renovation 
of the world, and the eternal destiny of man. The sciences, 
when disjoined from such connections, lose the greater part 
of their value, and can be considered as useful only in refer- 
ence to the concerns of this world, and the transitory duration 
ef the life of man. Whereas, when studied with right views, 
and in- all their legitimate connections and relations, they bear 
an intimate relation to the Divinity, to the progress and ex* 
mansion of the human mind to other worlds, and to the scenes- 
and employments of an immortal existence. 
- In reference to the earth, we shall new only state the fol- 
lowing circumstances: The number of inhabitants which 
people, the earth at one time is estimated at eight hundred 
millions— -of these, five hundred millions are reckoned to 
Asia; fifty-eight millions to Africa; forty-two millions to 
America; and two hundred millions to Europe. Of these) 
assemblages of human beings, twenty-five millions die every 
year, sixty-eight thousand every day, two thousand eight 
hundred and fifty every hour, ana forty^seven every minute 5 
so that at almost every pulse that beats within us, an immor- 
tal being is passing from time into eternity, from this visible 
and material world to another scene of existence— a solemn 
and important consideration to every one of us who must 
shortly follow, in our turn, the generations that have gone 
before us. If we reckon thjrty-two years as the average pe- 
riod for a generation, as has been generally done — at the end 
of which period the .whole, human race is renewed, with Si 
few exceptions ; it will fellow, that one hundred arid forty-six 
thousand two hundred millions of human beings have existed 
on qur' globe, since its present arrangement commenced, 
reckoning 5849 years from the formation of Adam to the pre- 
sent time. Bui if- we make our estimate according to the 
Samaritan and the Septuagrnt chronology, 7256 years are to 
be reckoned from Adam to the present time ; and conse- 
quently, if mankind had never died, there would have been, 
at present, on the surface of the globe, 182*800,000,000: 
that is, one hundred and eighty-two thousand eight hundred 
millions of human beings. Whether- the earth would have 
furnished subsistence for such a population is left to Mal- 
thusians "and political economists to determine. But it ap- 
pears, in point of fact, that the Creator never intended that 
such a number of the human species should remain on the 
earth at one twaa, in its present state ; though it might easily 
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le shown, that* were all the habitable- pafrts df the globe pro- 
perly cultivated, it would support at least sixteen thousand 
millions of human beings, or twenty times the number that 
now exist on its surface, while each family would have an 
estate of twelve acres of land for its support. But the inferior 
tribes of animals are far more numerous than the amount of 
all the human inhabitants that have ever dwelt on the earth, 
from Adam to .the last new-born child. At a rude calcula- 
tion^ the inferior tribes connected with the air, the waters, and 
the dry lap d,. at one time, cannot amount to less than, thirty 
billions of living beings ; which is 164 times the number of 
•all the human beings that have ever appeared on the earth. 
As ene instance out of many of the immense numbers of cer- 
tain species of animals,* we may mention what Mr. Wilson 
8tates,"in * his «• American Ornithology," that a -single flock of 
the migratory pigeon of the United States was found to be 
about a mile in breadthand 240 miles in length— having oc- 
cupied four hours- ip passing across the country ; which flock, 
by a moderate Calculation, Was estimated to contain two thou- 
sand two hundred and thirty millions, which is nearly three 
times the human population of the globe. 

We may^juat farther make the following statements in 
reference te the- earth. " In its course round the sun, it moves 
in an elliptical orbit, the longer diameter of which is 3,236,000 
miles" greater than the shorter, and consequently it is nearer" 

- the sun at oner season of the year than at another. The time 

- a£ its annual revolution is 365 days, 5 hours, 48 minutes, 40 
seconds, which is called, the tropical year; but the time it takes 
in moving from a fixed star till it returns to it again is 365 
days, 6 hours, 9 minutes,, 12 seconds, — which is called its 
sidereal year. With regard to the density of the *arth, it is 
found to be about five times denser- than water; so that could 
we suppose five globes as large as the earth composed ot 
water, suspended at one end of an immense balance, and 
the earth at the other, they would nearly counterpoise each 
other* - ■ 



J3EC. V.— OH, THE MOON. - 

The moon is the nearest of all the celestial bodies to the 
earth, and- is its constant attendant during its revolution round 
the sun. It belongs tojhat class of bodies called secondary 
planets? or satellites. A primary planet is one which revolves, 
around the sun as its centre : a secondary planet is a body 
which revolves around a primary planet as its centre of mo- 
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lion, and it it the tame time .carried along with its primary 
around the sun. 

Motions of the Moon.— The moon has an apparent motion 
round our globe every day, somewhat similar to that of the 
sun. She rises in an easterly direction, and, after a certain 
number of hours, sets in the western quarter of the heavens; 
this motion is not real, but only apparent, and is caused by 
the diurnal motion of our globe from west to east. The real 
'motions of the moon are as follows : — In the course of 27 
days r 7 hours, and 43 minutes, the moon makes a progress 
through the ecliptic, or round the whole heavens, from west 
to east, and returns to the same stars from which she set out. 
This is called her tropical revolution. The period from one 
new moon to another, or from one conjunction with the sun 
to another— which is 29 days, 12 hours, 44 minutes> and 2 
seconds, is called her synodic revolution. The reaspn why 
these periods are different -is this: at new moon, the sun and 
moon are in the same part of the heavens : but by the time 
the moon has returned to that point — namely, 27 , days, 7 
hours, 43 minutes— the sun has x proceeded, in his apparent 
course through the heavens, twenty-seven degrees farther to 
the east, and is still going on, and the moon has to overtake 
him Jbefore she can be again in that position which is called 
new moon. 

Fig. 33 exhibits some, of the motions of the moon in rela- 
tion to the earth and the sun. The small circle in the centre, 
8, represents the sun; the circle ABC D,-the earth's orbit, 
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find thfc earth in -font 4iflferent positions. • The smaller circle 
M n 0, 'represents the orbit of the moon in its course round 
the ear^h. Around this orbit she moves*, in a period some- 
what less than a month, at the' rate of 2300 miles an hour. 
But while she is thus earned, monthly f around the earth, she 
is also carried forward along with the eajrth, in its revolution 
round the 'sun. For example, while the earth has moved 
from B to A, the moorrhas made more than three revolutions 
round the earth, and at the same time "has moved, along with 
the earthy nearly-one hundred and£fiy millions of miles, er 
the fourth part of the earth's annual circuit; so that the 
rhodn's motion through space is much more, rapid* than that 
stated above^ ami cannot be estimated at less than 70,000 
miles an hour.V When the earth is at B, in the position 
marked I, and the moon at M, the enlightened side^ of the 
moon is turned to the' dark side of the earth, and the moon is 
in the position we call full moon, the whole -of its enlightened 
surface being" then turnffi.* toward* the. earth. When the 
earth is" at D, andUhe moon in th# position marked 8, the 
dark side of the moon is turned toward the earth, and she is 
consequently invisible.. This is the position, of new moon. 
In the manner now described, does the moon revive round 
the earth, and is carried along ^with the earth round tlje sun, 

"from ohe'year and one century to another.; and has done so 
ever since she was appointed to give light to the, earth, and 
Mo rule the-night/' And since she is acted upon by two 
forces*— the attraction of the earth, and the attfactioa of , the 
sun,* which sometimes- act in opposite directi6ns— her motions 
are very irregular; which renders* it somewhat difficult and 
tedious to calculate her precise position in the heavens at any 
particular moment -of time* 

Phases and general appearances iff the *MH>n.~The sun 

-always enlightens one-half of the moon ; and sometimes the 
whole of, this enlightened side is turned towards the earth, 
when she appears a round luminous*, orb: but this happens 
only in one- point of her orbit. At all other parts of her 
course, only a portion of her enlightened hemisphere is seen 
ftom the earth ; and in one* partioular position in her orbit, 
lifer enlightened side is altogether invisible*. When she is. at 
the change, or the period of new moon, she. is invisible ; both 

-because she is in* the same part of the heavens' as the «un> 
and because' the whole of her dark hemisphere is then fumed 
to the earth. After' this.' it is geperally two days, or. mope, - 
before .any part of )ter enlightened surface is visible. About 
the third, day after the change, she is seen in the western 
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■ky, at no great distance from the point at which the sun set* 
and then appears under the form of a slender orescent, with 
its horns pointing towards the east. Neit evening, about the 
same hour, she will hare- moved about thirteen degrees far- 
ther to the east, and her crescent will appear to have increased 
eomewhatin breadth* Every succeeding night she will ap- 
pear to have- moved still farther to the east, while her crescent 
is still increasing in breadth and luminosity, till about': the 
eighth day from the change, when she appears in the form of 
a half-moon. She is then about ninety degrees from the sun> 
After this period, still proceeding eastward, she' assumes a 
gibbous phase, till she arrive at the period of full moon, when 
her whole enlightened hemisphere . is turned toward us; 
which happens on the fifteenth day after the time of the new 
moon, when .she is in opposition to the sun, or one hundred 
and eighty degrees distant, and rises about the time when the 
sun sets. On a cloudless night* she then displays to every 
beholder a delightful and magnificent spectacle, calculated to 
arrest the attention of every e^cs'and to inspire the soul with 
emotions of sublimity. But she does not remain long in hex 
full-orbed lustre ; she gradually loses, a portion of her bright- 
ness, by presenting to us a part of her dark hemisphere. She 
again appears for a few days in -a gibbous phase ; afterwards * 
she assumes the appearance of a half-moon, and then that ofc 
a crescent, whose noma are now turned towards the west In 
this positrorrthe is seen only in the mornings before sunrise ; 
and, in a few days afterwards, she is in conjunction with the 
sur^ when her dark side is again turned towards the earth. 
AH thesexhanges 1 are accomplished, in twenty-nine days and 
a half. ' 

These phases are more particularly represented in fig. 34, 
where S represents the sun y £ the earth, and A BGDFQ 
H I the moon in different parts of its circuit round the earth, 
with its hemisphere turned towards the sun fully enlightened. 
When the moon is at A,- its enlightened side being turned to 
the. sun-, its dark side is towards the earth, and were it then 
visible, it would appear as. at K, in the outer circle j but it is 
never visible in this position, except at the time of an eclipse 
of the suu, when its body, either m whole, or in part, inter- 
poses between us and the sun. This is at the period, of new 
moon< When the moon, has moved -from-A to B, a portion of 
its enlightened surface is then turned to the earth, and it- ap- 
pears as a crescent, as represented at L ; when arrived at C, 
the one-half of 4ts enlightened hemisphere is turned ,to the 
earth, and it appears in the tbnri, of a balf-moen, as at M 
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when arrived at D, it presents a gibbons phase, as at N ; 
when arrived at F, it shines in 'all its splendour a* a full 
moon, as at G~ After this period if gradtfajly declines, first 
to a gibbous* phase, as at P ; next to a half-moon, as at R; 
then tp a crescent, as at T ; after which it arrives at, its for- 
mer position at A, the period of netor moon ; when it is again 
.invisible. . ". * N ■ ^ 

Jhw the eHtth-uppeart to fhe inkabitatUi efth* -Moon.— 
We have now feeen the cause why ^ the moon presents so va- 
ried appearances to the earth; let us now consider how the 
earth itself wiM appear as viewed from the surface of the 
moon. Gould we take a view of the earth from one of the 
mountains, or plains, of the moon, we should find that it ex- 
hibits the same changes, or phases, that the* moon does to us, 
but in a reverse order. Far when, at new moon, the dark 
aide of the moon is turned towards us, the whole of the en- 
lightened hemisphere *of the' earth is then turned towards the 
moon. And as the hemisphere of our globe is thirteen times 
larger than that of the moon, it wiH present in the' lunar fir- 
mament a shining orb aer large ad thirteen of our fulLmoonS, 
and will, therefore, diffuse a- considerable degree of lustre h* 
the absence of the sun. That the ea*h shiaes with a fell 
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enlightened face upon the moon* at the period now stated, wjU 
appear from the preceding diagram, fig. 34. At A, the modh 
is in conjunction with the sun a* seen from the. earth, and its 
dark side is turned towards us; but it will be, perceived that, at 
that time, the enlightened side of the earth, E, is completely 
turned towards the moon, so that, while she is invisible to 
us,' our globe appears in its full orbed majesty and brightness 
to the lunar inhabitants. On (he other hand; when the moon- 
is at F, when' it is full moon to us, the dark side of the earth; 
E, is turned towards the moon, and is consequently invisible 
to the inhabitants of the moon, being then nearly hi the same 
part of the firmament as the sun. When the moon is increas- 
ing to us, the earth is' diminishing in its illuminated surface 
to the moon. When the moon is at B in its increase, the 
earth appears as at P ; when she appears as a half-moon as 
at M, the earth appears a half-moon in the decrease, as at R ; 
and when she increases to a gibbous phase as at N, the 
earth has decreased to a crescent, as at T ; so that the phases 
of the earth, as seen from the. moon, are exactly opposite to 
those of the moon «s seen from the earth. 

That the earth actually shines upon the moon, and illu* 
mi nates its surface as the moon does that of the earth* is 
proved from the following circumstance. On the second or 
third day after new moon, when she^ appeals as a slendef 
crescent, we perceive a faint light on the dark part of the 
moon which is not enlightened by the sun, so that the whole 
hemisphere of the. moon is visible— one part faint, and the 
other bright. This is perceptible even by the naked eye* 
but it appears pretty^ vivjd through the telescope when a 
small power is applied, so that many of the principalspotsof 
the moon may be distinctly perceived* This may be termed 
the u moonlight of the moon," as the earth is then shining 
upon its surface with nearly a full-enlightensd hemisphere. 
This light on the dark side of the moon gradually decreases, 
as the enlightened part of the moon increases,- because the 
enlightened portion of the earth is At the same time diminish- 
ing, so that its effect is not much perceived after the period 
of-half-moon. It has beejn sometimes observed that a brighter 
reflection proceeds from the moos when the continental parts 
o^the -earth are. opposite to her than when the Atlantic or the 
Pacific ocean is in the same position. .There is* less light 
reflected from the sea -than from the land upon the moon, and 
therefore it ismatural to suppose that, when the hemisphere 
of the earth, which contains Europe, Asia, Africa, -and New 
Holland, is shining: upon the. moon, a considerably greater 
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quantity of Tight will be reflected on iter, surface than when 
ute Pacific ocean, which covers nearly half our globe* is di- 
rectly opposite to her. In the course of the diurnal rotation 
of the earth^every part of its surface in succession will be 
presented to the. moon ; and therefore it will appear to a lunar 
inhabitant with different degrees of brilliancy, at different 
times, arising from the circumstances now stated. (See fig. 
Sh P. 76.) > - ..•'"" 

The moort always presents the same side to the earth, s» 
that we never see its opposite hemisphere. This circum- 
stance proves that she turns round her axis in the same time 
she takes to tfeove round the heavens. If the mdon had .no 
mtyion round her axis, we 'should see both her hemispheres 
in the txmrse of every revolution she makes round the earth. 
Whether the other side of the moon be less adapted for re- 
flecting light than -that which is next us, or whether it be 
equally divers1fie4 With mountains, caverns, ami plains, we 
have no opportunity of determining ; though, reasoning from 
analogy, we may Conclude that the arrangements of nature 
in that hemisphere are not essentially different from /those we 
peiceive in the hemisphere presented to ou* view. , 

There is a peculiar ^appearance which maybe noticed, that 
the earth will present to an inhabitant of the. moon,«nd it is 
t)us — that from any particular spot on the lunar surface, the 
earth wiH appear in a fixed position in the heavens, without 
any apparent motion. To those who live in the middle of 
the hemisphere next the earth, the earth will appear as a 
large gltfbe m the zenith, or point directly above their heads, 
sometimes appearing as a half-moon, a crescent, or a full* 
enlightened hemisphere, and sometimes invisible, but always 
in the same position. The only motion they will occasionally 
perceive is the earth's rotation* which they will observe as 
the different continents, islands, and oceans' of our globe pre- 
sent themselves in succession. Those who live near -the 
margin of the moon's hemisphere next the earth, will see the 
earth near the horizon, and it will never appear from such 
places in a more elevated position in the heavens-. Those 
w^ho live in intermediate positions will behold the earth ^at 
higher or lower elevations, ^according to. their distance from 
the centre of the hemisphere. ~ All these appearances neces- 
sarily result. from the circumstance that the moon always 
presents the same side to the earth^and to account for such 
phenomena wiU be apt to puzzje the lunar astronomers, 
llence, it necessiarily follows that those wjio live on the op- 
posite hemisphere ^of the moon will never see the earth nor 
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enjoy its tight. . From- the central parts of that hemisphere, 
an astronomer— who had heard i of the remarkable -celestial 

Ehertomenon to he seen in the other _h$misphere~would 
ave to travel more than 1700 miles before he could see the 
earth emerging from the horizon ; and in order to behold it 
in its full lustres shining, directly from the zenith, he would 
hare to travel 1700 miles farther, or 3400 miles in all. We 
presume that there are few terrestrial astronomers who would 
grudge -to undertake such a journey were they to behold a 
resplendent moon hanging in the vault of heaven in another 
hemisphere, which is altogether invisible in his native coun- 
try. Sir J. Herachei, in order Jo explore the .starry regions 
in the southern hemisphere, undertook a voyage to the Cape 
of Good Hope, where he remained for years, and brought 
home some interesting pieces of intelligence from the starry 
.regions. 

Distance and magnitude of the JMoon* — The moon, though 
the neareat.Celestial body to the earth, is still at a considerable 
distance. This distance is* reckoned to be, at a medium, about 
237,000 miles, or about thirty times the diameter of our globe, . 
tvhich is determined from its horizontal parallax, or the' angle 
~ formed by a line drawn from the centre, and another lme 
drawn from the strrface of the earth. A\ the moon, how- 
ever, moves in an elliptical orbit, she is sometimes more than 
940,000 miles distant, and -sometimes considerably less than 
237,000. Small as this distance js, compared with that of 
the 'other planets, it would require nearly 600 daysy or about 
sixteen months,ibr a steam-carriage to move over the .interval 
which separates us from the lunar orb, ahhough, it were 
moving day and night «t the rate of twenty miles every hour. 
Although the apparent sise of the moon is equal to that of the 
sun, yet the difference of their real bulk is very great ; for it 
would require more than sixty-three millions of globes of the 
size of the moon -to form a globe equal in magnitude to that of 
the sun. . The reason why the sitn appears so small, when 
he* is m reality so large a globe, is this — that he is removed 
ninety-five nirlHons. of miles from the earth, which is nearly 
four hundred times farther than the moop. The diameter of 
the moon is 2180 miles, which is little more than the fourth 
part of the diameter of our globe, and consequently, in point of 
solidity, it is only the forty-ninth part of the bulk of the earth 
Itssurjace, however, contains fifteen millions of square miles, 
or about one-third of the habitable regions of our glpbe ; and 
were it' peopled as densely as England, it would contain a 
population .amounting to four thousand two hundred millions, 



THE HOOK, 103 

which is fiiore than fare times. the papulation of the. earth; 
The circumfere»ce of the moon js 6848 miles., and* therefore, 
if a railroad werejormqd around it, its inhabitants could travel 
completely round their world in the course of fourteen of our 
days, at the • rate of- twenty miles an hour ; and the journey 
could be so arranged that' they mig&t enjoy uninterrupted 
moonlight from the earth in one part of it, and uninterrupted 
sunlight during the-other— an advantage wjiich we can never 
enjoy in our terrestrial region. 

Telescopic appearance of the Moon. — When 4he "moon is 
vieweji with a good telescope, the lunar surface presents a 
very interesting and diversified appearance. Mountains and 
plains, caverns and insulated rocks, hills and plains of almosl 
every shape, diversify every portion of the surface of the 
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moon. It is evident, almost at first sight, that the moon is 
diversified with inequalities of surface, and has lofty emi- 
nences arid deep vales," when we view her surface with a 
powerful telescope, when she appears frrthe form. of a. cres- 
cent, or of a' half-moon \ for then we perceive the boundary 
hetweenthe da;rk and enlightened side-^not a straight line or 
a- regular curve, as it would be if the moon were a smooth 
surface— -but jigged and uneven, somewhat like the edge of 
a coarse saw. Within the dark portion of the moon* adjacent 
to this boundary, bright points appear, somewhat like stars, 
which are evidently the higher tops of the lunaT mountains* 
enlightened by the sun before his rays- can xeach the valleys, 
justdp we find that in our globe r when the sun is rising, his 
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beams gild the mountain tops, while the plains and vstieys 
are still in the shade. y Shadows of different dimensions, too, 
are to be seen in various parts of the enlightened portion of 
the moon, indicating both elevations and depressions. 

The mountainous regions of the moon are arranged in a 
very different form from those of the earth. There are, in- 
deed, some mountain ranges on the lunar orb somewhat re-, 
sembling our Alps, arid Apennines, and Andes ; but one of the 
distinguishing features of the moon consists in hundreds of cir- 
cular ranges of mountains' surrounding plains of the some 
shape. The following are a few of the characteristic features 
of the lunar su rface. 1 . Plains of various extent and peculiari- 
ties. Some of these plains are more than one hundred miles 
in diameter, or in length and breadth. They present a darker 
and more sombre appearanoe to the eye than the other parts of 
the lunar surface, and, in many^ instances, they contain, here 
and there, deep cavities. They were formerly considered as 
8eas,or large collections of water, but there appears no evidence 
that seas, or any large collection of waters, exist on the surface 
of the jtfooa. Besides these large plains, there are numerous 
circular plains of a lesser size, of all dimensions, from, two or 
three miles to thirty miles in diameter, surrounded with a 
circular ridge of mountains* as with a wall or rampart. These 
are te be found in most regions of the mocn, and they form a 
peculiar feature of her surface altogether different from what 
obtains on our globe. 2. Tlje mocn displays a great variety 
of mountain scenery. In the first place, there are chains of 
mountains, which run in a right-lined direction, not altogether 
unlike these which exist on our globe. The moat remarkable 
range of this kind is that called the Apennines, which tra- 
verses a portion of the lunar*disk from north-east to south- 
west, which may be seen to advantage about the time of half- 
moon, and a. day or two afterwards, It rises- with a preci- 
pitous and craggy front, from a large plain called the, mare 
Unbrium, extends to a great length, and, in some places, rises 
to the perpendicular height of four miles. .This is most pre- 
cipitous on .the side of the plain, and gradually slopes off with 
its hundreds of peaks to the opposite declivity, resembling in 
some degree our Andes and Himalayas. In the next place, 
there are insulated mountains, or peaks, or mountains in the 
shape of a sugar-loaf, which rise directly from the plains, and 
are altogether unconnected with- any ridge or group whatever. 
Borne of these are several miles in perpendicular altitude, and 
tneir shadows thrown, opposite to- the sun are as distinctly 
seen through the telescope as the shadow of a gnomon on a 
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sun-dial. ., ;They hear a certain resemblance to the teak or 
TenerifFe, and Adam's Peak in the, island of Ceylon. But in 
the third place, the chief features of the mountain scenery of 
the moon consist in those circular ranges of -mountains which 
occupy nearly one-half of the lunar surface, and are dispersed 
in all directions. In some cases, jhey appear like a wall of 
sixty, one hundred, or one hundred and fifty miles in circum- 
ference, surrounding circular plains of corresponding extent. 
In other cases, they are from fivj& to ten or twelve miles in 
diameter i and in many instances there is a central moun- 
tain of a considerable elevation, which rises from the centre 
of the circular plain. There is nothing similar to these ar- 
rangement's in any" part of otqr terrestrial system. The lunar 
mountains, according to Schroeter's measurements, are of all 
sizes, from three hundred feet to five miles in perpendicular 
height. 3. Another singular feature' of the moon's surface' 
consists in those numerous depressions, or cavities, which ap- 
pear on ^almost every part of her" disk. These cavities are 
circular, .and "bear a certain resemblance in shape to an egg- 
cupc.A high annular ridge, marked with lofty peaks and 
small cavities, generally encircles them, an insulated . mottn-. 
tain frequently rises in the centre', and sometimes they con- 
tain smaller cavities of the same nature as themselves. These 
hollows are most numerous in the south-west -parts of the 
moon, and from, this cause it is owing that that portion of the 
hmar surface is more brilHant than any other portion of the 
radon ; these cavities, along with the mountainous ridges 
which encircle them, reflecting a greater quantity of light 
than any other part of the lunar regions. As to their dimen- 
sions, they are of all sizes, from three miles ta fifty miles in 
diameter at their, orifices, bulithey generally decrease in 
breadth towards the bottom. Their depth varies from about 
one-third of a mile to thre^e miles anl three quarters below 
the summits of the mountains which surround fftem ; but in 
all cases the internal depth of the, cavity is much lower than 
the general surface of the moon. * Of this feature of the lunar 
surface we have no examples in any part of our globe ; but 
we4*arce reason to believe, fromjhe variety which exists in 
nature, that not, one world in the universe exactly resembles* 
another in its particular arrangements. 

The following figures will -perhaps convey a rude idea of. 
some of the objects on the lunar surface now described. Fig. 
30 is a view of the brilliant spotxalled ATistarchus, which is 
situate in the north-east quadran^ of the moon-'s surface* 
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'Wfcete the shadow* of somfe of the circular cavities and ak 
*he shadows of the mountains may be perceived. Fig. 37 is 
th« spot called Hevelius-, which contain? an annular cavity, 
«tnd a broken elevation somewhat resembling ah egg. " Fig. 
88 , represents a cavity-surrounded by a circular range of 
-mountains, with two central -mountains in the middle of the 
plain, in which the- shadows of one side of the circular r^nge^ 
and of the central mountains may be seen. Pig. 39 shows 
another magnified portion of the moon's :disk,' exhibiting 
seveial circular plains," cavities, ind other varieties of th« 
lunar surface. - 

From what we have now briefly stated, it is evident that 
an immense variety -of. picturesque' and sublime scenery is 
presented to view :on the surface- of the moon, and could we 
conceive ours6kes standing on .some of her lofty peaks, her 
eircukr mountain ridgesyor oji th£ summit of her central 
mountain^ we should behold a much greater extent of pros- 
pect, and an Assemblage of more grand and sublime objects 
than is presented to our view in any of our terrestrial land- 
scapes. .. The best time for viewing, all the varieties of 
scenery on the moon's surfece, with a telescope, is about 
the period of half-moon, or two or three days before or^after 
it, at which times the shadows of the lunar mountains and 
cavities are longest and most distinct. At the time of fuU 
moon, many of the objects described above cannot be per- 
ceived, as the sun then shines perpendicularly upon the 
mood's- surface, so thfct the shadows of the different objects ~ 
cannot be distinguished. The foHdwing additional particu- 
lars respecting the moon maybe stated, 

1. The length of' a lunar day is equal to nearly fifteen of 
our days, and the length of ite night "the same, -so that a 
tiay and night in the moon is equal to twenty-nine days and 
a half, or one- lunar month. On the hemisphere next the 
earth, there kjnotfhlight nearly , all the.time the sun is absent; 
but in the. other hemisphere, in the 'absence of the, sun, there 
is no light but -what proceeds from the stars and planets. 
We"lfie a lunarian to travel, at the rate of ten miles an hour, 
itt a -direction at right angles to the moon's axis, he might 
keep fcace with the moon's rotation, and be enabled to^live m 
perpetual sunshine. 2. The light of the moon has been 
computed to be 300*000 times lesa. Intense" than that of the 
sun, when shining in an unclouded sky; yet its utility is con- 
siderable, and when the full moonshines in its splendour, it 
"throws a cheerful, though wind light over the surrounding 
fetidscape. 3. The n£&rer,the irtoon is to the periods of new 
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and full moon,, the greater is her Telocity m-h*r orbit ; 
the nearer she is to the quadratures, the dower she moves. 
When the earth is m its perihelion, or nearesuhe^sun, which 
happens in the winter, ihe periodical time of the. moon is 
greatest; and when the earth k in its aphelion, whkh hap- 
pens in summer, the periodical time of the moon is the least. 
4. The mean inclination of the moon's orbit 40 that of the 
earth is five degrees, nine minutes, h. The eccentricity of 
her orbit is 12,060 miles. 6. The moon ;n all probability is 
surrounded with an atmosphere* but it is evidently a very small 
one, and of extreme tenuity ; and no clouds or vapours ap- 
pear to exist in it. It is stated as, having been distinctly per- 
ceived during the annular eclipse of May, 1636, when just 
before the rims of the two bodies mqt, the Jight of the sua 
was seen to shoot through the moon's atmosphere, mollified 
into twilight. Schroeter calculates its, height at 5742 feet. 

There can be little doubt that the moon^Jike the earth 011 
which we dwell, is a world replenished with inhabitants. 
Matter appears to have been created chfefty in subserviency 
to mind ; and it is highly improbable that the Creator would 
leave a globe containing a surface of fifteen millions of square 
miles altogether destitute of sensitive and intellectual beings, 
especially when we behold its-surface diversified and adorned 
with such a vast assem blage of picturesque and sublime scenery, 
and when we consider that every department connected with 
bur globe is peopled with sentient beings of every description* 
Although seas and rivers and a dense atmosphere are not to 
be found, connected. with the lunar orb, and although some of 
its arrangements are different- from those of the eesth,yet 
these circumstances form no valid objection to the moon being 
inhabited, for the Creator can in all cases adapt the inhabit^ 
ant to the nature of the habitation provided for him* as he 
has adapted the birds fojMvinging their flight through the air, 
the fishes for gliding in the waters, and man and quadrupeds 
for traversing the dry land. „ 

It has frequently been a subject of inquiry, Whether the 
inhabitants of the moon mfey ever be discovered. by t^e in- 
habitants of our globe? Notwithstanding the improvements 
that have been made on telescopes in modern times* we have 
no expectations that such a discovery will ever be made* 
Even the large telescope , lately constructed by the Earl of 
Hesse, lwwever distinct and beautiful a view it may exhibit 
of the mountains and vales, rocks and .caverns, on the lunar 
eurfase, will never be able to show w its inhabitants, although 
they had bodies five hundred times larger- than those-of the 
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inhabitants of Ut£ earjh. l%al. telescope has seldom- been 
ufeed with powers exceeding eight hundred times'; but al- 
though a {Sower of two, thousand times could *be put upon it 
with distinctness, it would -make the moon appear no nearer 
to ua than one hundred and twenty miles l at which distance 
a liring. being, although a hundred feet- high, -could not be 
beheld. For, with such a jnower, a space on the moon's sur- 
face one hundred and- eighty-thjree feet m diameter 'could 
only be , perceived as the smallest Visible point. Besides, we 
ought to. Consider that when we view objects on the surface 
of the moour we -do not view them in perspective, as we view 
objects on the surface of the' earth, but only obtain a bird's* 
eye view 1L as we do of objects on the surface of -our globe, 
when viewed from a- JwUooh suspended in the atmosphere, 
in which case, when we loot down upon a group of human 
beings, we perceive, only the length and breadth of their 
heac|s and shoulders. \. 

There is'a possibility, howeveT, of tracing the. operations 
of sensitive, or intelligent beings, in the lunar orb, although 
we can never expect to' trace the forms or- motions of its in- 
habitants. Were a vast number of persons in different parts 
of the world to devote themselves to a particular survey :of the 
moon — were- different portions of its surface allotted to differ- 
ent individuals as the object of their particular research — were 
accurate observations^made, and frequently repeated, on every 
mountain, hill, i&vky, cliff, and plain, and evefy change and 
modification in the particular spots and their localities care- 
fully marked and represented in a series of delineations, -it 
might lead to some certain conclusion both as, to the physical 
constitution of the moon,. and as to whether any of the ob- 
served changes proceeded from the operations of livings agents* 
If an observer in the moon, with such a -telescope as Sir Wil- 
liam Herschel's, or that of the Earl of Rosse, had observed 
the city, of Babylon, when in its splendour, and -afterwards 
when reduced to a desert, as it now is, he must have plwerved 
a change in the locality where that famous* city once stood, 
indicative of the operations- of intelligent, or at -least, -of sensi- 
tive, or living agent* And had l"ie viewed the dense forests 
of America before civilized nations took possession of that 
country, and were he now to take a view of the eastern states 
of Nortk America, in their present state of -cultivation, and 
since the great cities of JNew York, Boston, and Philadelphia 
were reared, a -striking cUflerence- between -the present and 
the former state of that country would, doubtless be percepti- 
ble. For, if an extent of only onefhundred and eighty-three 
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feet, or sixty-one yards, would be perceptible %y a telescope 
magnifying two thousand times, muck more would the extent 
of a large city, such as New York, be distinctly visible, as a 
prominent and well-defined object. Now, if changes similar, 
or analogous to these, could be traced on the surface of the 
moon, it > would lead us to form some certain conclusions in 
relation te the operations of intelligent agents, and consequent- 
ly, that such beings actually exist on the lunar surface. But 
such pbeetvatisns as those to which we allude .would require 
not only to* be specific and minute, but also to be continued 
for a length of years — perhaps a century or merer- -before any 
striking changes could be expected to occur. 
- Dr. Orbers was fully of opinion, from; the observations, he 
iiad made, "that the moon is inhabited by rational creatures, 
and that its surface is "mere or less Coveted with a vegetation 
not very dissimilar to that of our earth." It has formed a 
subject of speculation with seme, whether it might fie possi- 
ble 4o correspond with the lunar inhabitants by symbolical 
representations. If they be mathematicians, it has been con- 
ceived that the erection of geometrical figures on some ex- 
tensive plains on our globe, on a scale of vast extent, might 
be recognised by the inhabitant of the moon, as a signal of 
-correspondence, and that they might erect similar figures m 
return. But it is highly questionable whether the design nf 
-such figures would be appreciated, or whether* they would be 
visible to the eyes of the inhabitants. ^ Many a look, we may 
conceive, will be .directed to our globe by the lunar inhabits as, 
and iiiuch wojider' will doubtless be -expressedi at such a Kige 
globe hanging over their heads, apparently hnmovablr, ex- 
cepting a rotation round its axis ; and much speculation will, 
.without question, take ^laoe wiong them as to whethrtt such 
a globe as outs be inhabited. But it does not app**r to be 
'the design of the -Creator, in the mean tinte; that the inhabit- 
ants of our globe and those of the moon should bejonie ac- 
quainted,, or that any direct correspondence should tine place 
between different worlds. And therefore, we must waft with 
patience till the scenes of a future life shall unravel the mys- 
teries, and dispel the darkness which now hangs over the his- 
tory, the- population,, and the transactions of othef worlds. 
Whatever may be the peculiar circumstances of the beings 
that people othfer globes, we know that they are ajl under the 
eare and superintendence of Him who is infinite* in wisdom, 
power, and intelligence; whose "kingdom ruleth -over all," 
and whose" tender mercies acrer oveT all his works." ' 

But, whatever opinions we may entertain respect}/^ thr 
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inhabitants of the moon, certain it ia that she forms a beautiful 
and noble appendage to our globe, and W light and motions 
are k of high utility to its inhabitants. How cheerless and 
uncomfortable, in many eases,. would be our nights, were it 
not for the mild radiance which the lunar orb dispenses m 
sueh regular and agreeable vicissitude ! To the mariner, while 
ploughing his course through the stormy deep ; to the plough* 
man, " plodding his weary way ;" to . the peasant, pursuing 
his course through moors and morasses after nightfeU ; Xo' the 
shepherd, tending his fleecy charge by night; to travellers 
in foreign lands ; and to the missionary in pagan countries, 
when returning at .midnight from his sacred laboura; the 
moon, m her various stages, is always a «aost cheerful and 
welcome visitant Shte $hrowsva aaikl and silvery lustre over 
the forests, the mountains and the vales, and we behold a new 
picture of terrestrial objects^ which is more delicately, shaded, 
and disposed into Softer lights than that which is displayed 
under the blaze of the- meridian sun— a scene Which leads the , 
pensive mind to pleasing reflections, and to solemn contem- 
plation. By her- attractive, influence, she sways the ocean, 
and perpetuates the regular returns-of ebb and flow, by which 
the hqurd element is preserved from putrefaction, and the in- 
habitants of the, islands and continents from infection and dis- 
ease. And, although her brightness is not the eame at all 
seasons, and though she is sometimes absent from our noctur- 
nal hemisphere, yet, in her absence, we enjoy ^ ami clear 
evening, a more-extensive prospect of the starry rt jqions, and 
•f thoqe remote Spaces of creation where suns unnumbered 
shine, and plafietaand comets run their solemn, rounds. Lei 
qs then be jpatefal to»our beneficent Creator, who, in this aa 
well as in all his -other works, has displayed his infinite wis- 
dom, and his unbounded goodness ; and let us, m unison with 
the inspired writers, praise the jrame of the Lord, who hath 
appointed * the moon to rule by night," as an evidence of his 
Jatherly cake, and of his mercy, which " endurtth for ever." 
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CHAPTER IV. 

DESCRIPTION Of THE SUPBKTOJt PLAJT1T8 OF THB SOLAR 
BYSTEM. * 

SEC. L— ON THE MOTIONS AND ASPECTS' OF 'THE SUPERIOR 
PLANETS. 

Thi planets Mercury and Venus* whose motions and 
phases we formerly described, are, called inferior planets, 
because they revolve round the eentral luminary in orbits 
which are included within the orbit of the earth, and conse- 
quently nearer the sun than the earth is. .The superior pla- 
nets are those whose orbits are without that of the earth, 
and, of course, at a mater distance from the sun. The su- 
perior planets are Mars, Vesta, Juno, Geres, Pallas, Astroa, 
Jupiter, Saturn, and Uranus. They are distinguished {rota 
the inferior planets in the following respects:— 1. They come 
to our meridian at midnight, which the inferior planets never 
do. 2. They are sometimes seen rising in the east, when 
the sun is setting in the west ; a circumstance which never 
happens to Mercury or Venus. 3. While the inferior pla- 
nets always appear to move in the neighbourhood of the sun, 
never removing beyond forty-eight degrees of that. luminary, 
the superior planets .may be seen at all distances from t£e sun, 
and even in the opposite quarter of the heavens. 4. The 
superior planets never can appear to transit the sun's disk, 
as Mercury and Venus have been seen to do at different pe- 
riods.. 6. The superior planets never appear in the form of 
a Crescent, or of a half-moon, as the two inferior planets are 
found to do in certain parts of their orbits. They always 
appear with a round face, when viewed with a telescope, ex- 
cept Mars, which sometimes appears with a sKght gibbous 
phase. 6. A superior planet can only be in conjunction with 
the sun, when the sun is between the earth and the planet ; 
whereas an inferior planet may be in -conjunction with the 
sun, when it is between the sun and the earth. 7. /there 
are also certain peculiarities in reference to -the direct and 
retrograde motions of the superior planets, and the points in 
whiqh they appear stationary, different from those of the in- 
ferior planets. &11 these circumstances dearly show, that 
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the path of the earth- round the sun is included within the, 
orhits of the superior planets ' r . that we occupy a station ihat 
is never v.ery faY reliioved from, the eerkre of their, orhits'; and 
that we see these- planete in a direction which is nearly that 
in which the sun's rays enlighten thfcnw ' 

Apparent motions if the superior Planets fits stew from the 
Earth.~~Tb& superior planets are ^retrograde when seen in 
opposition to thfe sun, that is, ih&y appear to mov§ from east 
to. west, or contrary to the e? der of the signs of the zodiac j 
and tbeirlaaotion appeals direct, or from west to east, when in 
conjunction with tie sun, The following diagram, fig. 39,* 
will illustrate some of the motions and aspects of these pla- 
nets! Let- the central circle s represent the sun, abg d the 
erbit of the earth ; s re h the orbit of a superior planet, 

• ^ ' c Figured.* 




suppose that of Mars, arid kmnopr apportion -bf the starry 
heavens. When the. earth is at n, and Mars at fe, the planet, 
as seen from the earth at d, will appear, in the same part of 
the heay*ns*as the mo* or in conjunction- with him. When 
the eartn is at b and. the -planet at e, it is -then said to he in 
opposition te the sun; for the sun js then seen in the direc- 
tion s vs while the planet is seen'Jn the direction b m. In 
this case, the planetxjs nearest to the earth, and in the case of 
Maid, it.is ofiiy fifty millions of miles distant from us. But 
• 1ft* 
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when 4he eat th is at b and Mars at o, the planet is the whole 
diameter of the earth's orbit, or one* hundred and ninety nn'l^ 
hons of miies larther distant, and consequently, at that timet 
two hundred an<£ forty millions .of miles from the earth. 
Hence it happens thai this planet appears about twenty-five 
times larger in the one case than in the other. When far- 
thest distant from tit* eaith, it appears like a small star ; but 
when nearest us, it appears nearly as large as Jupiter, or 
Venus, but with a more ruddy aspect. These circumstances 
clearly prove that Mars does not more round the earth as its 
centre of motion, as the ancients supposed, but round the sun, 
and that, too, in an orbit which includes the earth's orbit 
within it. 

The cause of the direct and retrograde motions of *he supe- 
rior planets will likewise appear from fig. 39. 'Suppose the 
earth at a, and Mars at s, while tjie earth is moving through 
the part of its orbit a d-c, the planet will appear to move from 
N to k among the -stars, which is its direct motion through the 
heavens, or from west to east ; so that when the earth is at d, 
the planet will appear at m, and when the earthns at c,it will 
appear at k. But while the earth moves through c b a to a, 
it will appear to return to n, having a retrograde motion from 
east to west ; so that when the earth is at b, it will appear to 
be at m, and when the earth is at a, it will appear to have 
returned back to n.' When the^arth is either at a or c,Hie 
planet will appear stationary for a .few. days. The direct 
motion is very slow from n to k, because the earth has to 
move, during its continuance, through the large -part of its 
orbit A-D c; but the retrograde'motion, from k* to n, is per- 
formed in much less time, because the earth, while it con- 
tinues, has to move only from c to a. - ^ 

We have supposed the planer at rest, in order to avoid 
complexity in the illustration: but the. appearances will be 
the same, whether we conceive the planet at rest or in mo- 
tion ; only the time in which the direct and retrograde mo- 
tions are performed will be different when we view the planet 
as- in motion. Jupiter, Saturn, and all the other superior 
planets have similar direct and retrograde motions and sta- 
tionary positions. They all retrograde when in Opposition, 
and for some time before arid after it ; but they-differ greatly 
as to thetime of its duration. - It is more rapid and extensive 
In the case of Mars than of the other planets which are far- 
ther distant from the sun. It may just be farther stated^tha. 
the times of the conjunctions, oppositions, direct and retro- 
grade motions, and also of the stations of the snperior planet* 
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depend npen the combraatkms of 1 their motions in their orbits 
with the motion of the earth in fts orbit ; and 4his combina- 
tion causes alt the apparent irregularities which appear in 
the motions both of the superior and inferior planets. "But 
alt. the planets, if viewed from the sun, the centte of thejr 
motions, will appear to more without interruption in the same' 
direction'; only moving somewhat more slowly in their 
Aphelion, and more swiftly in their Perihelion.* 

* / . , 8SC.II.-7ON THE PLANET MARS. 

This is the first of -the superior planets next to the earth. 
Its name, Which was given by the ancients,- signifies "the 
god of War," which appears to ha^e r^een given on account 
of -its ruddy or fiery appearance, and because the astrologers 
imagined it to be a promoter of war and bloodshed. It is 
rather unfortunate that the names of the planets^ well as- 
of the celestial constellations, should all be derived from hea- 
the*n mythology, and from the superstitious and idolatrous 
views of the^ ancients. It ill comports with the peaceable 
study of astronomy that a god of war should be supposed 
riding in his" fiery chariot through the heavens, and brauK 
dishing bis $wordover the nations to excite them to xlktbohcal 
contests. It presents a- melancholy and degrading picture 
of human* nature, mat in all ages war has produced its <horri67 
massacres and devastations among every kindred, and in 
ere'yr clime, and: that men should have imagined that a ce* 
fej*4al deity wag anointed to preside over its infernal opera- 
tions, and to "urge the,>foe> to battle." It witt be to the 
eternal dishonour of the human character, that ever such 
mahgnant exploits were engaged in v in our terrestrial sphere. 
In modern times, if is an indelible disgrace to nations, who 
designate themselves «s civilized and enlightened, that such 
a nfode of settling disputes between states and empires should 
be resorted to as that of 'warfare. It is glaringly : unchrJstian ; 
it is. in human and atrocious; it is a violation of the funda- 
mental laws winch unite the moral universe; it is accompa* 
nied with almost all the evils which can afflict humanity ; i .it 
is subversive of the, wealth and prosperity of nations ;'. and it 
ihust be highly offensive td the Creator, who haa so curiously 

constructed the human frame, and formed man "after Jus 

• i , , , - ' _ *.. 

* fhe Aphelion is that point of the orbit of -the earthy or of any other 
planet, which is farthest from the sun ; and the Perihelion- is that point 
in the orbit of a planet which is nearest to the sun. As the planets move 
in elliplicat orbits,* they must, of course, be at different difetances from 
the sun in different parts «f their orbite^-"-See Appendix, No. IIL 
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own image," that such* an exquisite structure* should be cut 
and slashed and destroyed by those who are partakers of the 
same ^nature. In short, it conveys *n absurdity in, the very 
idea of it ; for it never can decide otii which- side of ti disputed 
question justice and right art to be found ? and it degrades 
man, who is endowed with high' intellectual power*, to a level 
With the inferior animals — with. the bear, the 1km; and the 
hyena, that have no other mode of settling their disputes but 
by physical force. Scarcely any thing can be more degrading 
and monstrous^in beings furnished witiTmoral faculties, -and 
endowed with reason and intelligence.. But it is Tieedk^s to 
say that the planet Mars, though somewhat more ruddy than 
the other planets, has; no influence whatever over such bar* 
parous and malignant exploits. hr sweeps along in its course 
through the -heavens, in unison with the other bodies* which 
compose the solar System, in obedience to^a universal law, 
and displays* in its motions, its) Creator's power and wisdom. 
The distance of this planet from the sun is one hundred - 
and forty-five millions or miles, and the circumference of its 
orbit About nine hundred millions of miles. - The distance of 
its orbit from that ef the earth is fifty millions of miles ; and, 
at the time of its opposition to the sun, it is about -this distance 
from the earth— -which is the nearest approach to the earth 
which any primary planet can-make, the. planet Vends ^only 
excepted. • It accomplishes its revolution round the sun ir* 
six hundred and eighty-seven days, or about one. year and 
ten months, which is at the rate of fifty-four thousand miles 
an hour* — a rapidity of motion which affords a striking idea 
of the omnipotent energies of the Creator. But hejbre it can 
return to the same relative position in regard to the sun/ or, 
in other words, from one conjunction or opposition to .another, 
it occupies a period of seven hundred and eighty days — that 
is, two years and fifty days.- It is only -at the period ok its 
opposition, when it is nearest the earth, and a. short time be- 
fore and after it, that this 'planet makes its most (Splendid ap- 
pearance, almost rivalling Jupiter m its lustre ; and therefore* 
before we can again* see it with the same degreexf lustre, a 
period of two years and -fifty days, at an average, must elapse* 
It was in this position m June, 1843 ; again in-Augusf, 1845 ; 
and again in October, I84T. * This is the -most eligible period 
for observing the surfatee of Mars through telescopes, and, 
likewise,; for. observing its direct .and retrograde mptions. 
From spot's which have been observed on the surface of 
MarsJby the telescope, -it was determined, that it makes 4 
revolution round its axis in twenty-four hours and nearhr 
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forty mmates—whkh is wily forty-four minutes/ loagu than 
the diurnal rotation of the earth, and is performed in the came 
direction, namely, from West to east. Its axis, is inclined to 
the plane of the elliptic at an angle of nearly sixty degrees, 
er about thirty degrees from the perpendicular. Of course, 
there must be different -lengths of days and nights in different 
regions of this planet; and, likewise, a diversity of seasons, 
somewhat similar to what we experience -on omr globe. 1 

* This planet, as to size, ranks among tJbensmaller bodies of 
the' solar system. Its dimensions- are as follows :— Its diame- 
ter is found to be about/ four thousand two hundred miles— 
which is little more than half the diameter of our globev Its 
surface contains above fifty-fire millions of square miles, 
which is several millions more .than the number of square 
miles on the habitable parts of the earth* Were its .whole 
surface composed of land, and were it -peopled in the same 
proportion as Belgfum-^-three hundred inhabitants to a square 
mile-^-it could -contain a population of sixteen thousand fire 
hundred millions, or more than twenty times the' present 
population of pur globe ; so that this planet, though compara- 
tively a small one, may rank higher than even our world in, 
respect to the number of sensitive and inieUeetusi beings it 
may -contain. This planet, like the earth and several ether 
planets, is of -a spheroidal figure, its polar diameter being 
abput two hundred- and sixty mile? shorter than its equatorial. 
When viewed with good telescopes, spots of various, forma 
have been discovered on the disk, of Mars. It was, however, 
more than My years after the invention, of the telescope, be* 
fore any discoveries were, made on the surface of this planet, 
or any spots could be seen to determine its rotation* Cassini, 
an Italian astronomer, about the- year 1066, was among the 
first who perceived jteveral dark spots oh the surface of 
Mars ; and Dr. Hooke, in England, and Campani, at Rome, 
about the same time, made similar observations. It was. 
found that all the; features which the planet exhibits at any 
moment, gradually disappeared in twelve hours and twenty 
minutes, at the expiration of which time it exhibits an entire- 
ly different appeararlce ; and, Jby continuing to observe its 
disk, the former features were -seen to come successively 
into view— and thus was its revolution round its axis asceiv 
tamed, and the period of -it accurately determined. Some 
observers have remarked that these spots do not always ap- 
pear wett defined, and that they frequently change their 
form; buf that some of them J centiaue always the same. , It 
appears probable that clouds exist in the atmosphere of Atari 
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and that these, being occasionally jrrferposed between die eye 
of iac observer and the surface of the planet, may cause the 
changes of appearance which have been observed*- It is ad- 
mitted by all astronomers that an atmosphere* or body of air* 
of considerable density and extent, surrounds this planet; for 
it is found that small stars, as they approach the edg$ of ixq 
disk, surTer a gradual diminution in brightness, before they, 
disappear, by the interposition of its body ; and this obscurity 
of a star, when seen in such circumstances, must arise frcfra 
its being Tie wed through a dense medium connected with the 
planet. The circnsastance> therefore, of a% atmosphere, 
around Mara, combined with the fact that it has a revolution 
round its-axis, to produce the alternate Succession of day and 
night, forms a-strong presumptive proof thai this planet is an 
inhabited world, and destined to award existence and happi- 
ness to numerous order* of beings. 

• There is an intensely white spot which has been long ob- 
served around the pole of Mass, when> emerging from dark* 
noes, it first receives J the sun's light; and tins,' gradually 
diminishes in magnitude and brightness, till the pole again 
withdraws itself from the sun \ and as regularly and certainly 
reappearing, when the same, pole emerges from the cold ana 
darkness of its winter* For as the axis of Mars is inclined, 
to its ecliptic, or the plane of its orbit, one of its poles is de- 
prived of the solar light during eleven months, or one-half 
of its year, in the same manner as the north pole of our glebe 
is in -darkness from the end of September ta the 21st- of 
March, Now, it has been, supposed that, during this long 
winter of eleven months in the polar' regions of Mars, these 
regions are covered with snow, which is the cause of the 
white appearance about the poles, when these poles emerge 
from darkness; and, after long exposure to the sun's rajs, 
during the other eleven months,- when the>3un is shining 
upon them without -interruption, these polar snows are gp* 
dually* dissolved, so*as m leave the naked soil of that region 
exposed to view, ■ . ' 

The following are the results of Sir John Herschel's ob- 
servations on this planet, made with a twenty-feet reflecting 
telescope. He says that, on account of the clearness of. its 
atmosphere, heifes been enabled to observe, with perfect dis* 
tHictness, the outlines of continents and oceans ; that tjxe land 
en its surface is distinguished by a red hue, whkh, imparts 
to t£e planet the ruddy appearance it*has when viewed by ' 
ordinary telescopes, -and which its light exhibits to-the naked 
eye* Tlus, redness he ascribes to a quality in the ye vailing 
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soil; Jifce that which qnr red sandstone districts would exhibit 
to an observer contemplating the earth from the surface of 
Mars. The seas of this planet, he observes, have a greenish 
hue, altogether resembling thd colour -.of eur own. These 
spots, however, are. not always Uo be seen equally distinct, 
because of the varying transparency of the atmosphere $ Fut 
when they are distinctly seen, they- always present the same 
appearance. The following are some of the telescopic views 

Figures 40r43. , 




which haye .been taken .of this planet. Fig. 40 is one of the 
/views taken by Sir J. HerscheLwjth his twenty-feei reflector. 
The dark portions are considered to be water, and the w4iite 
spaces- land— ^at a is the white polar spot described above. 
Fig. 41 isxtae of the views given by Sir W. Herschel, which 
presents the appearance of a portion of a sea, with a gulf 
running up into tie land. Fig. 42 is « view of Jupiter given 
by JdajEukji, which he- observed .in 1704, and; by means, of 
the prominence maisked b, he determined the period of rota- 
tion,. Fig. 43 is a view of Mars," which we have several 
times observed about the time of its opposition to the sun. 

From the, whole of what has been now staged* respecting 
this planet, the following conclusions may, with a high de- 
gree of probability, be deduced— that it is' environed with an 
-atmosphere of considerable extent, in which, clouds probably 
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exist; that the dark snsts are water, er seas, wbva reflect a 
roach lev proportion (if the solar light than lima and proba- 
bly cover about one-third of its eurface ; that a variety of 
seasons, somewhat aimilar to. our*, must be experienced in 
tins planet, bat of a nmcj* knger. duration ; and that it bears 
a more striking resemblance to the world In which we dwell 
-than any other planet ef the solar system* It* was owing to 
observations made oa this planet by the famous astronomer, 
Tycho Brake, and to the records of his observations haying 
fallen into the hands of Kepler, that the three great laws of 
planetary motion, generally termed "Kepler's Laws/' were 
discovered. These laws, which we .may afterwards ' notice, 
lie at the foundation of modern astronomical science, and give 
precision to its principles. 

8BC. m.~OX THl NEW PLANETS. 

* » f 

Within the limits of the present century, four «new* planet- 
ary bodies have been discovered, none of which was known 
to former astronomers. They are named Vesta, Juno, Ceres, 
and Pallas. They are all situate beyond the orbit of Mars, 
and within that of Jupiter, and present a variety of singular 
anomalies^ but, as tney are aH invisible to the unassisted 
eye, and can never be noticed by common Observers, we shall 
give only a brief sketch of their history, and their magnitudes 
and motions, so far as they are known. From the interval of 
nearly three handled and fifty millions of miles which lies 
between the- orbits of Mars and Jupiter, it was long, conjec- 
tured, as highly probable, that some undiscovered planet 
either exists, or had existed, in .some part of this, vast region, 
so as- to present something like proportion in the arrange- 
ments of the * system, when compared with the distances 

- which intervene" between the orbits of Mercury, Venus, the 
Earth, and Mars. This conjecture -may be' considered as 

* having been in some degree realized by the discovery ef 
four small bodies, situate m.orbits"at'no. great distance from 
each other, at an average of about a hundred miUions\of v 
miles beyond the orbft of -Mars. 

JBatOry of their 2h»cetrery,-— The . first of these, bodies . 
which was discovered, was the planet Ceres, It v was dis- 
covered at Palermo, by r?iazzi r a Sicilian astronomer, in the 
constellatibn Taurus, on the 1st of January, 1801 — being. the 
first day of the present century— and within the Hmits of the 
next seven years, ^all the -other three bodies were • discovered. 
After being lost fdr some time, it was rediscovered by Dr. 
Olbers, of Bremen, after a series of unwearied observations— 
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when its motions and position ^n the system* weie deter- 
mined—since which time, its place hi the heavens can .al- 
ways be ascertained/ Only fifteen months elapsed, after the 
discovery of Ceres, when 'Dr. Others, on the 28th of March, 
1862, discovered the planet Pallas. The planet Juno was 
discovered on the 1st of September, 1801, at the observatory 
of LiHenthal, hear Bremen, by M. Harding, wliile he was 
endeavouring to form an atlas of all the. stairs hear the orbits 
of Geres ana Pallas, with the view of making further ^disco- 
veries. The, planet Vesia was discovered on the 30th of 
March, 1807, by Dri, Olbers, who hacLpreviously discovered 
Pallas. He had previously conjectured that the three small 
celestial, bodies, lately discovered, were merely the fragments 
of a larger planet, which had been~burst asunder by some in- 
ternal convulsion, and that several more might yet be disco- 
vered between the orbits of Mars -and Jupiter* On this 
hypothesis he concluded that, as these fragments must all 
have diverged from the same point, they ought to have two 
common points of reunion, &f two nodes in- opposite regions 
of the heavens, through w&ich all the planetary fragments 
must sooner or later pass. One of these nodes he found to 
be in the sign Virgo, and the' other in theTonstellatien of the 
Whale— and it wis actually in the Whale that -Mr. Harding 
discovered the p]anefr Juno. Therefore, with the intention 
of discovering other fragments of the supposed planet, if any 
should exist, Dr. Olbers examined, three times every year, 
all the small stars in the opposite constellations of Virgo and 
the Whale— -and his labours were crowned with success* by 
the discovery of anew planet, in Virgo, to which he^gave the 
name of Vesta. v ~ 

The* magnitudes of these bouses, on account of Iheir com- 
paratively small size, and the difficulty of measuring their 
apparent diameters, have pot yet been accurately dejtermirted. 
The following is a brief summary of what haff been ascer- 
tained^ respecting their distances/ motions and* magnitudes. 
The planet Vesta, which was" last discovered, is considered as 

' ^he nearest to the sun. Its distance from that luminary is 
reckoned to tie about 326 millions of miles, and it revolves 
about the sun in 1325 days, or m three years seven months 
and a half, moving at the rate of 44,000 miles anhour. Some 
have estimated its diameter at 270 miles, and if so, it will 
contain 229,D00 square miles on- its surface. But k is pro- 
bable, irom a variety of (Circumstances, \ hat It is. considerably 
larger in size than wfeatis here stated. The distance of Juno 

' from the sun is 254 millions^ miles, and 4t accomplishes its 
Vol. X. 11 
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revolution in four year* and one hundred and twenty-eight 
days, at the rate 6f 41,860 miles an hour. Its diameter is 
estimated by certain German astronomers, at 1426 English 
miles* It' is of a reddish colour, and is free from any nebu 
losity, and is supposed to be enviwtaed with a dense atmo- 
sphere. The planet Ceres is 263 millions of miles from the 
sun, and finishes its revolution in four years, seven months, 
and ten dap. Its real diameter is estimated at 1624 miles, 
so that its surface will contain more than eight millions of 
square miles ; but its ^atmosphere is reckoned at about 675 
miles in height. It is of a slight ruddy colour, and, appears 
like a~star of the eighth magnitude. The planet Pallas is 
distant fr6m the sun about 263 millions of miles, or about the 
same distance as Ceres, and completes its revolution in four, 
years seven months and one-third of a month, which is within 
a day of the time of the revolution of Ceres.. Schroeter, a 
German astronomer* considered this planet as the largest of 
the four, and he estimated its diameter to be 2099 miles, and 
consequently nearly the size of our moon. It presents a 
ruddy aspect, and is surrounded with a nebulosity, somewhat 
like Ceres, but not so extensive. It is distinguished from all 
the other planets by the very great inclination of its orbit to 
the plane of the ecliptic, which is no less than thirty-four 
degree* thirty-seven minutes. 

• These four planets present to our view certain singulari- 
ties and anomalies, which, at first view, appear incompatible 
with the harmony and proportions which we might suppose 
originally to. have' characterized the arrangements* of the 
planetary system. 1. Their orbits axe in general more ec- 
centric than those of the other planets ; in other worjls, they 
move in longer and narrower ellipses. The eccentricities of 
the orbits of Juno and Pallas amount meanly- to one^eighth 
part of the transverse axes of their orbits ; Whereas the ec- 
centricities of the orbits of Jupiter and. Uranus are only the 
one forty-third- part, and that of the «artb, one hundred and 
nineteenth. * Hence . it follows, that Pallas and Juno will 
sometimes be 129 millions of miles farther from the sun at 
one period than at another. 2. Their orbits have a much 
greater degree of inclination to the ecliptic than those of the 
other, planets* that of Pallas being no less than -thirty-four 
degrees and a half, which is- twenty-seven times greater than 
that of Jupiter. 3. They revolve nearly at the aame mean 
distance, from^the sun. The mean distance of Juno is 
3H000«0W v of Ceres 262,903,000, and of Pallas 262,901,000 
. of miles, wh$e in. the case of^all the other planets, many 
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mijlioa^of miles, sometimes sanounting to hundreds, intervene 
between their orbits. 4. They perform their revolutions in 
nearly the same periods. The period of Juno is four years 
four months and a half; of Ceres, four years seven months 
and a half; and of Pallas, four years seven months and a half ; 
.Whereas the, periods of the old planets, differ very consider- 
ably from each other: that of Mars being less than two 
yoars ;that of Jupiter, twelve years ; of Saturn, nearly thirty 
years,; and ^©r Uranus, •eighty-four years. 5 v The orbits, of 
some of these planets cross each other. This is a very sin- 
gular and unaccountable. circumstance in rdgardto planetary 
orbits, and cannot' possibly happen in the case of the Other 
planets, or of any of their satellites. This is represented in 
the following diagram,' fig. 44. The orbij of Testa crosses 

Figur*4L ] -- 




the orbits of the -other three, and therefore k is a possible 
circumstance that a collision might take place between Ve^sta 
and these three planets at the points of intersection a and b; 
and were* it ever to happen, the consequence* would be dread- 
ful tq both planets. ' '',,'.. 

.Within a very short period, a new planet has been dis- 
covered by Mr. Hfcncke, of Driessen, in Prussia. It appeared* 
like a star of the ninth magnitude, in a place where, before, 
there was none.' This -discovery was made on the eighth of 
December* 1845. Its place on December the^fburteenth, as 
found by Professor . Enckejr of Berlin, at six hours tjventy- 
eight minutes, was, right ascension, 64 deg..4 # minJ 63 se««, 
At thiiteen Hours, 94 miA* 65 sec, its right ascension in time 
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was 4 hours, 16 min. £ seo. Declination north, 1$ Aeg.9% 
min. 53 sec. At fourteen hours, 33 rain. 27 sec. Right as- 
cension in time, 4 hours 16 min. Declination north, 1? dex. 
39 min. 52 sec. Its motion was retrograde, and' ifs daily 
amount, as determined from the observations, 8 hours apart, 
was, in right ascension,' 14 min. 21 sec. In declination, its 
motion was quite insignificant. This moving body was after-* 
wards observed in England by Messrs. South, Airy, and 
others ; and from- their observations and those of foreign as-' 
tronomers, it has now been determined to be a nlanet belong- 
ing to the solar system, to which the, name Astraea has been 
given. ^ - *' 

'From the. notes jof Astrsek's position given by Encke and 
Schumacher, M. Faye, a French astronomer, has calculated 
the elements of its orbit They* are as follows :— 

' Deg. Min. 

Epoch* 1845, Dec. M . 71 13 ; 6 

Longitude. of ascending nede . • . . . 135 14*6 
Inclination ........... 6 1-2 

Semidiameter of orbit ...... 26,024 

Movement ... . .* . ,. . . direct 

Period of sidereal revolution, 4 years 2 months. 
It appears, therefore, that Astraea has a certain relation to 
the four minor planets, revolving between Mars and Jupiter, 
which were discovered*- about the beginning of the present 
century. This relation will appear at once when their ele- 
ments are compared, as irr the following statement:— 

Mfetfndist. H|ean period Ibclinatioh of 

from the .ran. indayi. , orbfr. 

Vesta .... 2-3678 1325 7° 8' Wt 
Juno , . . . . 2-6690 1592 13 4 9 
Ceres . , . . 2-7672 1681 10 37 26 
Pallas, . • • . 2-7728 1686 34 , 84 55 v 
Astray . . . 2-6624 1521 6 1 8 • - 
In the element of distance, that of the earth from the sun 
is taken as .a unit. .The distance of Astraea from the sun is 
to that of the earth as 2-6024 to 1-600, or in round numbers 
as 26 to 10, It follows tftat Astnea revolves round the cen- 
tral luminary at the distance of 247,000,000 miles. In its 
distance and period of revolution, Astraea agrees Traost nearly 
with Juno* in inclination with Vesta. * 

The discovery of this planet affords a strong* corroboration 
of the hypothesis wbich supposes that the four new planets . 
formerly discovered, originated from the disruption of a large \ 
planet which formerly moved between Mars and Jupiter. 
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fhich a-catastrpphe is involved in a great mystery; and yet, 
without supposing it to havQ. taken place, yve i rf can scarcely 
account for the peculiarities of these planets, which form, 
anomalies in the solar system. It is notunprojbaole that other 
bodies, originating from the same source', may yet be dis- 
covered.. { .... .- ^ 

Such anomalies and singularities, in. the case of these lately 
discovered^ bodies— «eo very different from *the arrangement 
of the otheVplanets-7-have opened a field for speculation and 
inquiry, it .has been supposed, on somewhat 'plausible 
grounds, (haV these planets are only the fragments of a larger 
planet which had: been burst asunder by some immense 
eruptive force proceeding from its, interior parts. This hy- - 
pothesis accounts in a great measure for the anomalies and 
apparent irregularities to which we have .alluded, particularly 
for the intersection of their orbits, and for the fact, $hat. the 
planets are not round, 'as is indicated by the instantaneous 
diminution of their, light, whqn they present their angular 
faces. It has also been supposed that the smaller fragments 
that may have escaped at the tune of the disruption, may 
account for some of fhe meteoric stones which at different 
times have fallen^ from the higher regions upon our globe. 

Whether we consider the present peculiarities, positions, 
and motions of these* planets, as accordant with the state in 
which they were originally created) or whether we view them 
as the effects' of some tremendous . shock or disruption, there 
appears to be something sublimely mysterious and worthy of 
attention in. the physical*— not to s&y mora} — arrangements 
of the ^hnighty, in the state in which thfese bodies are now 
found. If -they were originally arranged in the position and 
order in wbi&h they^now appear, they present an anomaly, a 
want of proportion and* harmony, to whatever appears else- 
where throughout the wholS range of the system* And, if 
their present phenomena be the effects of some dreadful con- 
cussion, the fate of 1 the beings, that inhabited the original 
planet musrtiave be'en-invoIVed in ihe awful catastrophe. We 
need not te much, surprised, although such an «vent shoujd 
have taken place, nor should we consider it as inconsistent 
with what we; know of the physical^ and moral government 
of the Ahnighty. For an event somewhat analogous hap- 
pened to our own' globe, at that period when "the cataracts 
of heaven were opened, and the fountain of the great deer) 
were broken up," when a Hood of waters ensued which 
jcovefed \he tops *>f the loftiest mountains, transformed the 
earth into a boundless oceitn, and buried the myriads of its 
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population in a watery grave. And we profoes 16 belierei 
that a period is approaching when the great globe we inhabit 
shall undergo a tremendous change, and its elementary parts 
be dissolved,, when the aerial " heavens shall pass away with 
a great noise, and the elements shall melt with fervent heat, 
the earth also, and the works that are therein shall be burned 
Up." 

^ All the parts of the material system are liable to change ; 
and we have no reason to conclude, that, throughput the future 
periods of duration the earth is the only globe in the universe 
whose present constitution and aspect shall undergo an im- 
portant change. As it is probable that the work of creation 
is incessantly going forward throughout different regions of 
immensity, so it is highly probable that numerous' changes 
and reriovations are taking place in those departments of 
creation which have long existed, in order to present new 
scenes and new manifestations of the perfections of the Crea- 
tor to the view of' the intelligent^ universe. For the whole 
system of creation appears to be in incessant motion ; there* 
is not an orb in the firmament among all the millions it con- 
tains — whether great or small— but is in rapid and perpetual 
motion through the vast spaces of infinitude ; and, in the 
course of ages, these movements, conducted by certain laws, 
under the direction and superintendency of the Supreme, 
may produce Changes and revolutions which will add to tl$e 
grandeur of the material universe, and excite the admiration 
of the intelligent system. He only is immutable who existed 
from eternity past, who gave birth to all created beinga, whose 
presence fills the immensity of space, and of whose years 
there shall be naend. Ana throughput aH the regions of 
space, so far as the material creation extends, his moral go- 
vernment is exercised, in- a thousand different modes; corre- 
sponding to the rectitude, the. wisdotfi, and- the benevolence 
of his 'character, and the condition of the intellectual beings 
he has formed. For wherever power 1 , wisdom, and intelli- 
gence are displayed, there also must aH the other perfections 
of the Almighty be in incessant operation; and hence we are 
informed, tfK# " he doth according to his will in theeimy of 
heaven" as well as, among " the inhabitants of -the earth." . 

SEC. IT.-rrON THH PLANET JUPITER. 

Tliis planet is the largest body connected with the^planetarr 
system, the sun only excepted. It is situate *bput 2B2 mit 
lions of. miles beyond the orbit of Pallas, 850 millions T)eyond 
the orbit of Mars, and 405 millions from the sun. . When 
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learest the earth* it is 4dO~!fiilli&R8-'of miles distant from us> 
ana* when in the remotest part of its orbit from the earth, it it 
690 millions of miles distant. Notwithstanding this immense 
distance, owihg to its great magnitude, it appears the most 
brilliant - star in. the heavens next to the planet Venus. Its 
revolution round the sun is accomplished in lour thousand three 
hundred and thirty-two days and a half, or about 11 years, 10 
months, and 17 days* during which it performs *a circuit of 
more* than three thousand millions of miles*, at the rate of more 
than twenty-nine thousand miles an hour. Its diameter isno 
less than eighty-nine thousand mjles ; its circumference two 
hundred and seventy-nine thousand miles, and its surface* 
twenty-four thousand eight hundred and eighty millions of 
square miles, which is more than one hundred an^d twenty- 
six 'times the area of our globe. But. as globes are to each 
other as .the^ cubes of. their diameters, and the cube of Jupi- 
terss diameter is 704,969,000,000>000 miles, and the cube of 
the earth's dimeter is 496,677,^67,000 i divide the cube of 
Jupiter's diameter by that of the eartt), and ihe quotient wiU 
be 1413 ; showing tftat Jupiter, as a solid globe, is one thou- 
sand four hundred and thirteen times larger than the earth. 
This huge planet moves found its axis in the space of nine 
hours and neaTly fifty-six minutes; wliich is a more rapid 
rotation than that of any of the\ ether planets. Its equatorial 
parts will move with a velocity of twenty-eight thousand 
miles an hour, which is twenty-seven time? more rapid than 
the earth's rotation, by which the inhabitants at the equator 
are carried along at the rate of 1037 miles an hour. T^e ro- 
tation of this planet wds first determined about the year 1005, 
by Cassini, by observing the gradual motion and revolution 
of a spot which appeared to move from one side to another of 
its disk, and returned again to the same point in nine hours 
and fifty-six minutes,;and as the'spet was evidently connected 
with the bodyof the planet, tbecoholusion was -evident, that 
the planet itself turned round its axis. Hence we learn, that 
there is an alternate succession of- day and night on Jupiter, 
analogous to lhat wjiich we experience on the earth ; but the 
days and nights are much shorter than ours, and the sun and 
the moons which belong to this planet, together with the 
whole , frame of the ^eavens, will appear to move around it 
with a much -greater rapidity than what appears from our 
terrestrial habitation. 

The axis of this planet being nearly perpendicular te the - 
plane of its orbit, <it cannot have, the same variety of seasons 
as toe earth- arid Mam Its inclination however, is three de 
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gtees, fire minutes, which, will produce a~ slight change of 
seasons both in the polar and equatorial regions. Had the 
akis been as much' inclined to the orbit as in the case of the 
earth, the polar regions would have been deprived of the light 
of the^sun for nearly six years without interruption. ■. And 
although the light and heat of these regions, cannot be so 
great as in other parts of the planet, yet there are many ways 
unknowh to us, by which the All-wise and Beneficent Creator 
may render every region ^of this globe a comfortable habita- 
tion for both sensitive and intelligent 'beings. '<• 

The apparent motion of this planet, like that .of Mars, 
formerly Explained, is sometimes direct, sometimes retrograde, 
and sometimes stationary. Its -retrograde mstion commences 
or finishes when it is at a distant front the sun, which varies 
from 1I3J to 1 16£ degrees. The -arc which it describes in 
this case varies iroai 9 degrees, 59 minutes, to 9 "degrees, 51 
minutes, and its period ef duration from 1 16 days, 18. hours, 
to 192 days, 12 hours. Its apparent motion through ther 
signs of the zodiac is, at an average, at the rate of' a little 
more than thirty degrees in a year. * It is at present, ( April, 
1846,) near the beginning of the sign Qemini, and will be in < 
opposition to the sun on the 3d of December, abou.t which 
period ft rises near the time of sunset, kr a direction nearly 
north-east, and will be seen shining in all its splenilour,an a 
clear evening, till five or six o*olock the next niorning. : Dur- 
ing the following years, it will be somewhat more tjban a 
month later,- every year, before it arrive, at jts opposition : but . 
h will be a conspicuous -object in the heavens,' during the 
winter evenings, for several successive years ; and as , it is 
the most brilliant planet in the, heavens — with the exception 
of Venus— it is easily, distinguishable from all the surround- 
ing stars, by its superior lustre. 

This planet, when viewed through a good telescope, 'pre- 
sents a, very splendid and interesting appearance, especially 
when its moons are arranged,. two on each side, at nearly 
equal distances from the planet and from each other. When 
a magnifying power of above a hundred tones' is used,' its 
surface Spears ranch larger than the -full moon does to the 
naked eye.* The most striking, appearance on the surface 

* Those who arejnot accustomed to view the heavenly bodies through 
telescopes, are apt to imagine that they are not nearly- so much magnified 
by the instrument as they really are. With a power of one hundred 
tunes, most persons would imagineahat Jupiter appeared much less than 
the moon to the naked eye ; and yet irmay be proved that such a power 
presents this planet uf the^eye with a diameter of about twice that of the 
apparent sue of the- moon. The mean apparent diameter of ; v jpiter is 
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of this planet is a s^rlesW darkish stripes, wrijch run across 
its cttsk jJaraOelto its equafor, -which are generally denomi- 
nated its belts. They were first discovered hjrEontana, and" 
two othe> Neapolitans,, about twenty-five years after^the in- 
vention of the telescope. They were afterwards more parti- 
cularly described by Cassinr, who was enabled to view thgm 
with more powerful telescopes. Their number is variable—* 
sometimes eight have been seen at one time, and sometitnes' 
only one or two have been distinctly visible. Their generajl 
appearance, for several years past, as viewed witn telescoped 
magnifying from one hundred to ■ one hundred, and eighty 
times, is as follows : — two-dark behs, one on each side of the 
planet's equator, and two fainter ones, one at each- pole, some- 
what broader than the equatorial belts. Sir James South 
atotes,that when he was makings observations with his twen- 
ty-feet ^Achromatic telescope, with powers of 253 and ?46, 
he fjefceived Jupiter "literally covered^rit^ belts.** 'These 
belts, though generally parallel to each other, are not always^ 
So^— for a portion of a belt has been sqen in an oblique posi- 
tion to the rest. At certain times the belts have continued 
without, sensible variation for six or eight months ; and, ac* 
cording to some observers, a new belt has been formed in tkcr 
course of a few hours. ' 

It has been a. subject of much speculation and conjecture 
among astronomers, as tquhe views we should entertain re- 
specting the nature of these, helts* and the causes which ope- 
rate in producing the changes which occasionally take place 
among thetiu Whatever opinion we may form on ihis point, 
it is pretty evident that the dark stripes or belts are the* real 
frody of the planet, and the \Bft£ht spaces between them are 
cither, dbuds in .its atmosphere, or circiikr zones, liable to Va- 
riations* which surround the planet at a certain distance from: 

thirty-eight seconds, which, being multiplied >y one hundred, the mag- 
nifying power, produces three thousand eight hundred seconds, which is 
equal to sixty-three and. one-third minutes. . Now, the mean apparent 
diameter of the moon is thirty-One minutes, twenty-six seconds, the dou- 
ble of which is sixty-two minutes, firty-ttwjo seconds, which id less than 
* the apparent size of Jupiter when magnified one hundred times. But* 
when in opposition, Jupiter's apparent diameter is forty-seven and a half 
seconds, and, consequently, at such a period, this planet will appear stilt 
larger. In order to produce full conviction of the accuracy of the above 
statements, an observer should view Jupiter, when in the immediate vi 
cinity of the moon, and, looking with one eye through .the telescope, and 
with- the other at the moon, endeavour to make the ilpage of Jupker in 
the telescope to coincide with the moon, and he, will then clearly perceive 
the proportion of. their apparent magnitudes. From what has been now 
stated, it appears that a magnifying power of fifty times will make the 
£b1l of Japiter appear as large as the. moon to the naked eye. 
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its body. Some have, insinuated t^hat the changes among 
these belts are owing to great physical convulsions occasion- 
ally taking place on the surface o/ Jupiter--— an opinion alto- 
gether improbable. Others suppose that the bright streaks 
are the external surface of masses of clouds disposed in rows, 
and that such a disposition of clouds might be produced, by 
prevailing winds blowing in a direction parallel to the equator 
-of the planet, 'they have been compared to our trade-winds* 
which are considered as the necessary effect of die' earth's 
diurnal rotation, combined with the influences! of. the solar 
heat upon the tropical belt of the earth.; and that the rapid 
diurnal motion of Jupiter wjH cause the trade-grinds in that 
planet to have a permanence, force, and. range, which would 
produce a distribution and arrangement of the clouds floating 
in its atmosphere, such as, we observe in the appearance of 
its belts. , 

This is an opinion which very generally prevails 'among 
astronomers ; but we do not think that it wflj fully account 
for the phenomena of the belts, or that it is consistent with, 
the idea of a habitable world. For if the trade-winds in Ju- 
piter were increased, in velocity and force, twenty-seven 
times greater than our trade-winds — which is admitted by 
those who hold this opinion— then their violence would be 
such as to drive every thing before them along the surface of 
the planet, and there would be no possibility of living beings 
moving in opposition to such rapid currents. It is reckoned 
that, in a high gale, the wind moves at the rate of about thir- 
ty-eight miles an hour — multiply this number Ijy twenty-, 
seven, and the product, 1026, will give the velocity of a gale 
in Jupiter in the same time* Now, k has been found that a 
West India hurricane, blowing at the rate of. a hundred miles 
an hour,- has blown heavy cannon out of a battery, torn up 
trees by the roots, and carried huts, sheds, and human beings 
to a considerable distance through the air. What, then,* 
would be the force of a gale moving at the rate of a' .thousand 
miles an hour ? And, much, more, what would be the force 
q[ a hurricane in Jupiter, moving at the rate of two thousancT 
seven hundred miles an hour? -On such a globe as ours, it 
would overturn and demolish every thing upon, its surface, so 
that bur strongest and most stately buildings could not possi- 
bly resist its force/ Such a state of, things appears altogether 
inconsistent with the idea of a qomfortable habitation -either 
for sensitive or intellectual beings. It is much more consist- 
ent with the imperfection of, our knowledge; at once to ac- 
knowledge our Ignorance, and to wait for ftiture discoveries 
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on this subject, than to broach opinions which lead 1 to suehr 
consequences. • ' 

The following figures represent different views of the belts 
of Jupiter. Fig. 45 .represents one of the views taken by 
Cassini, in Which about eight or nine belts appear, some" of 
them somewhat broken and irregular. Fig. 46 represents 
another view, m which there appears an dblique ~belt forming 
a connection with- two adiacent belts, as if it were a iluia 
running from' the ofie into {he other. <- Some have attempted 
tto trace a resemblance in the changes of the belts and spots 
to what would appear upon the disk of the earth, viewed at 
such a distance as would bring it* to the si*e of, Jupite*. It 
is supposed that the great OQean, which environs our globe* 
would resemble the principal belt of Jupiter ; the Medkerra- 

Tigures 45, 4^47. * 
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aaan, one of tip. broken belts ; the Caspian sea, a large spot ; 
some of our largest islands, the bright spots seen in the belts, 
as in fig. 45; and the clouds, stretched round the equator of 
the earth, the changeable belts. Bat such views, ^re more 
fanciful than accordant with the observed phenomena of tnis 
planet, and we must wait for further discoveries before we 
come to any decisive conclusions on this subject. Perhaps 
the Earl of Reese's great telescope, which is now in use for 
celestial observations, may be the means of throwing some 
further light on this subject,- and enable us to form more cor- 
rect views of the belts, spots, and other phenomena of this 
planet. It has already resolved certain nebula into stars, 
which were formerly supposed to be unresblvable. Fig, 47 
represents a telescopic view, of Jupiter and l^is four satellites, 
when two of them happen to be on each side of his disk. 
The belts, as represented in this figure, are nearly similar to 
what they have appeared for several years* past. 

We may just mention the following additional particulars 
respecting this planet :— Notwithstanding the brilliancy with 
which it ap|>ears in our nocturnal sky, its light, derived from 
the sun, is 27 times less than what falls upon the earth ; and 
the diameter of the sun; as seen from Jupiter, is only 6 mi- 
nutes 9 seconds, or about one-fifth of the diameter the sun 
appears to us. The figure of this planet is that of an obiate 
spheroid — the equatorial being more than six thousand miles 
larger than the polar diameter. Its density, compared with 
that of water, is as 1 ^ to 1— in other words, it is somewhat 
denser than water. Although it . is one thousand four hun- 
dred times larger than the earth in bulk, yet it would weigh 
only three hundred and twelve globes pf the same size and 
density as our globe. Its mass, as compared with that of tfie 
sun, is as 1 to 106,709. A body, weighing one pound at the 
equatorial surface of the earth, would, if removed to the sur-, 
face of Jupiter, weigh 2 pounds, 4 ounces, 8 drams. The 
eccentricity of its orbit, in miles, is 2$,810,000 r and the in- 
clination of its orbit to the ecliptic is 1 degree 19 minutes. 
In the firmament of Jupiter, no planets will be visible to such 
eyes as otfcs, excepting Saturn and Uranus. An' observer, 
placed on this planet, would have no suspicion that such a 
globe as pur earth had an existence, in the universe*— all its 
fancied splenfdours and its proud' inhabitants are as much un- 
noticed and unknown-as the smallest animalcule in a drop of 
water to the unassisted eye. To his satellites, Jupiter will 
appear as a large and resplendent moon in their firmament, 
filling a considerable portion of the sky; from the sarface~of 
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tfye first satellite it will appear above € thousand times larger 
than the*Tnoon: dees to "us, and wi(l, in succession, present to 
it all the diversified phases of -the mcon^-a crescent, a gib- 
boua phase, a half-moon, and a full enlightened hemisphere. 

sec,, v*— *>w the Satellites of jupiter. 

This planet is accompanied hy four satellites, or moons, 
which' revolve around it -\n' different periods of time. The 
discovWy of these revolving, bodies was among the first en- 
terprises accomplished after the invention of the telescope ; 
they were first discovered, by <3dtleo, an Italian astronomer, 
in the "beginning of the year 1610. - In his book> entitled 
" Sidereus Ntincius," he gives us a particular account of 
their discovery, and the . nunlerous observations he made on 
their motions and relative positions, accompanied with sixty* 
four figures of their Various aspects at different times.' On 
the 7th of January, 16 10,, in the evening, while observing the 
stars with his newly-invented telescope, he perceived* Jupiter 
making his appearance, and, applying his instrument to that 
planet, he perceived three small bright stars very near it,* two 
on the east sidV'and one On the west. These he; took to-be 
fixed stats, at that time; but, happening the next riigfy to 
view them again, he saw them all three on the west side of 
Jupiter^ "which made hire greatly 'wonder hc% this could be, 
for it waa -an event quite inconsistent with the- theory of the 
planets and fixed stars. On the tenth 1 night he saw but two, 
and bojfch on the east of Jupiter ; on the eleventh also he saw 
but two*, and both on theaame side ; but one of these was 
twice a£ large as the other— and, hence, he was .sure they 
were not' the 'same lie saw the night before. On the thir- 
teenth night, viewing them again, he saw four of these small 
stars, three on the west aide of Jupiter, and one on the east 
side, all nearly in a straight line. On tne fifteenth, he beheld 
all the four on the west sideof the planet, nearly in a ^straight 
linei and at equal intervals from Jupiter and from each other* 
These were all he, could ever discover; and, by constantly 
observing their situation and changes, found that they 'Were 
not fixed stars, hut moons', or secondary planets, revolving 
about Jupiter in the same manner as the primary planets re»» 
volve about the' sun. The telescope with* which these obser- 
vations were made magnified about thirty-three, times. 

These satellites form a system of revolving bodies* some-, 
what sirtilar to the great' system of the sun ^ and primary 
planets. As the sun is the centre of. the primary planets, 
so Jupker is the immediate central body around which- tha 
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satellites revolve ; - bat while these revolutions aregeing iot* 
Ward, the satellites are at the same time carried along with 
Jupiter in his course round the sun. The satellites' are go- 
verned by -the-same laws as the primary planets ;, they de- 
scribe equal areas in equal times; and have the' squares of 
their periodical" tirnes proportioned to the cubes of their mean 
distances from the planet: They revolve from west to east, 
in the same direction as the moon and the primary planets— 
and in planes very nearly, though not exactly, coincident 
with the equator, of the planet, or parallel to its belts. Ac- 
cordingly, we see their orbits projected very nearly into 
Straight Lines, in which they appear to oscillate to. and fro, 
sometimes passing before Jupiter, and casting shadows on 
his disk, and sometimes disappearing behind his body*, or 
being eclipsed by his shadow at a distance from it. It has 
been established,^ from observation* that %ft ^revolutions- of 
the first satellite, 12S revolutions of the second satellite, and 
61 of the third satellite, are performed exactly in the same 
number of days. It has been found, by La Place, -that «*the 
epoch (ot-mean longitude) of the first satellite, minus three 
times that of the second, plus two times that of tie third, is 
exactly equal to a semicircle, or 180 degrees." From this k 
follows, that the first three satellites of Juj)iter can" never be 
. eclipsed at the same time ; for, if this were possible, the lon- 
gitude of three satellites would be equal at the time of "their 
eclipse, which is impossible. 

These satellites suffer numerous eclipses in their revolu- 
tions round Jupiter. The first three suffer an eclipse every 
time they are in opposition to. the sun. The first is in oppo- 
sition every forty-two and a half -hours* and .consequently 
suffers about eighteen eclipses every month* The second 
and third likewise suffer a variety of eclipses every'montli ; 
but the fourth satellite frequeatty passes its opposition with? 
out being involved m the shadow of Jupiter, as its orbit has 
a greater degree of inclination to the orbit of Jupiter, than 
those of the other satellites. During the year 1845, there 
happened- 174 visible eclipses-of. the first satellite, 8& of the 
1 second, and 45 of the third— besides those which are invisible 
on account of Jupiter's nearness to the sun. Whereas the 
fourth satellite did not suffer a single eclipse during' the, year 
1846. . These satellites may be seen with a telescope- magni- 
fying aboutx twenty-five' or thirty times ) but, in order to see 
their eclipses tQ advantage* the'tetescope should te furnished 
with powers of 100 os-280 times.. The circumstances $p-be 
chiefly observed, nr reference to the satellites, are, their 
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eclipses — that is, their entering into thef shadow^of Jupjter," 
when they -suddenly disappear, or their "emersion from it ; 
their oceultations or disappearance behmd the body of the 
planet \ tjaeif transits or passage across its disk ; and" the * 
transits of jtheir shadpws across the face of Jupiter, which 
appear like <lark 'spots* on a bright ground — all which pheno- 
n^ena may/be perceived by means of powerful telescopes. 
When they pass across the disk ofjiipiter*, and project a 
f shadow on his surface, this produces a solar eclipse to all 
those places over which the shadow passes. 

It has Seeii eoridjuded, fronx observations made by Sir W. 
Herschel and other?, that thesatellites of Jupiter' always turn 
the same, face^to the planet, and make one rotation. on their 
axis during one revolution round the planet— which corre- 
sponds with what we find in the case of our moon, which, as 
formerly noticed, always' turns the same hemisphere' to the 
earth. > The following table shows the magnitudes of these 
bodiesy^heir times of revolution, their distances from Jupiter 
in miles, and the duration of their --eclipses : — 
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The fourth satellite is about three times the bulk of out 
moon* and all the satellites taken together are equal to nearly 
thirteen of our moons'. . The- number of square miles on th^ 
surfaces, of air the' satellites is above ninety-fivj^ millions." 
Fig. 48 shows^ 'the orbits of the faur satellites, though not in 
the exact proportion iyf their distances ^rom Jupiter— the 
fourth satellite being* nearly double the distance of the third;. 
When a satellite moves through the part of its orbit, a b c, 
which is farthest distant from the earth— which is supposed 
to "be plated in the tkrection B-^it appears to move from west 
<b >ast ; but when it moves through the othef portion of its 
orbit, V d a, it appears to move from east to west. But, as 
oiireye is nearly on a level with the plane of the orbits of 
these satellites, their motions appear to be performed nearly 
in' straight lines. Though their enlightened Sides are almost 
constantly turned., towards. $ie earth, yet they present all the 
varied phases of the mdon to /upiter himselfr-HsometSmes ap* 
pearing as cfescents, sometimes as half-moons, and sometimes 
shining with nlll enlightened hemispheres. "> . 

The 'ecfipBes of these satellites have beeto fcawl ©f gfei* 
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utility in determining the longitude of places on the surface 
of our globe, in a> manner much more accurate and easy than 
was known prior to their, discovery. They also led to the 
discovery of a sublime and unexpected fact, namely* the mo* 
tion of light, and the rate at which it is propagated through 
the region* of space* It -was . found that a difference *of six- 
teen and^L half minutes existed between the times when the 
eclipses were seen when Jupiter was nearest the earth, and 
when he was farthest distant ;- and it was concluded' that light 
requites this space of time to fly across the eartfi's orbit, 
which is one hundred and ninety, millions of miles in diamc*- 
ter, and, consequently, that light moves with a velocity of 
about one hundred and ninety-two thousand miles every 
second* . This conclusion has been fully confirmed by Dr. 
Bradley's discovery of the aberration .of the light of the fixed 
stars. „ 

The four moons, which accompany this planet* must ex- 
hibit many curious and sublime phenomena to its inhabitants, 
as 'they perform their nocturnal courses through their firma- 
ment. Sometimes they will be seen eclipsing the sun, and* 
at other times, the stars, and sometimes eclipsing each other. 
Sometime* two, three, and even all. the four witt be; seen 
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shining in the heav*n-?in one brlgi^ assemblage-— ;0$e, per* 
haps, in .the form of a crescent ; one with a gibbons phase ; 
one like a half-moon ; and the 6ther with a full enlightened 
hemisphere ; one moving comparatively slow, and another 
rushing rapidly through the slnr; and* leaving all the others 
behind it; one under a total eclipse, another entering into it, 
arid a third emerging from it.'- These, and many other eeles- 
tial phenomena, Jmust be highly interesting and gratifying t© 
the astronomers arid 1ilf others In that far distant world. The 
celestial scenes exhibited from the satellites' theiris'elves wfli 
be no less interesting and sublime. From the^surface of the 
first satellite, the globe of Jupiter will appear lite an immense 
body in the firmament,-ibove a thousand times the sifle that 
&e moon appears to us, arid filling a large portion of the sky ; 
and it will exhibit, in the course of twenty-one' hours, accres- 
cent, a half-moon, a gibbous phase, and a full enlightened 
hemisphere, with aB the variations of the belts which diver- 
sify its surface. Besides, the appearances of the other three 
moons in its firmament will be nighty interesting** At cer- 
tain times, one of these moons will come so near the -first sa* 
teltite as to appear three times larger than the moon doe^ to 
us, and, at other times, it will appear sixteen tirnes smaller 
than iri its former position ; and a variety of other phenomena 
will be presented, which it would be^too tedious to describe— 
all which will present to view objects of overpowering gran* 
deur, far superior to what- we behold in pur nocturnal sky. 

On the whole, n the planet Jupiter, as accompanied with his 
satellites, presents to our view an object jof surpassing gran- 
deur an<J sublimity, when 'we contemplate the vast magni- 
tude of this magnificent" globe, and the velocity with which 
it flies i tjirough the" regions' of space. Let us conceive, if we 
are able, a globe, fourteen hundred times the size of our world j 
with a surface capable of containing a number of inhabitants, 
eight thousand times greater than the present population of 
our globe; let us conceive such a globe revolving round its 
axis at the rate of four hundred and sixty miles in a minute, 
and flying through the regions of the heavens at the rate of 
nearly thirty thousand miles every hour, carrying along with 
it four revolving 'worlds v in" its swA career, and continuing^ 
this rapid course^ without intermission, from one century te 
another, for thousands of years— rand we behold a scene, cal- 
culated to filL every reflecting mind with admiration • and as'- 
tonishment. While contemplating such a > scene, can wfc 
forbear raising our thoughts to that Almighty Being, who at 
first formed this mighty globe, and launched it from hia pow 
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srful arm, and whose incessant energy sustains H in its swift 
careet_from age to age?.. Here we behold £ demonstrative 
proof that " power bebngeth unto God;" that "his greatness 
is Unsearchable ; " that "all nations befyre him .are as no* • 
thing ; " that there is nctae like unjo Jehovah, nor any works 
like unto his works ; that He " doth great things, and Un- 
searchable," and " marvellous things without number."" And 
here we have, palpable evidence to confirm our belief that 
there can be nothing beyond the power of Jehovah to accom- 
plish, and that we may rest secure that all the promises and 
predictions of his word shall, in due time, t>e fully. accom- 
plished, to the eternal happiness of all those who put their 
trust in Him : "For the Lord God omnipotent reigneth, his 
kingdom ruleth over all ;" and his. faithfulness is established 
* in the very heavens." ' 

SIC. VI.— ON TWB PLAN1T 1ATU1N* * / 

' This planet is situate at nearly double the distance, from 
the sun as, the* planet Jupiter — an immense interval of 410 
millions of miles intervening between the orbits of these pla- 
nets, although next to each other in the order of the system. 
Its distance from the sun has been estimated at 90& millions 
of miles ; when nearest to the e$rth, k is 811 millions of 
miles distant from us ; and, when most remote, it is distant 
above a thousand, millions of. miles. It takes nearly thirty v 
years to perform its revolution round the sun— during which 
period it moves round a circumference of nearly five thou- 
sand seven hundred millions of miles, at the rate of twenty- 
two thousand miles every houT. Its period of rotation was, 
for a long time, unknown ; but Sir W. - Herschel, from ob- 
serving the motion of some spots on its* surface, at length 
ascertained that it turned round its aids in the space of .tec 
hours* sixteen minutes, and nineteen seconds. • 

When viewed by the naked eye, this planet presents the 
appearance of a nebulous star, of a dull leaden cofcur, which 
would lead one, at first sight, to imagine that it, could present 
no very interesting appearance, even through a telescope; 
and, as its motion is slow, it is hardly distinguishable from a 
fixed star. Its motion being slow compared with that- of most 
of the other planets — if it be once, recognised m the heavens, 
by any observer, near any large s^ar, it will, be, found, from 
year to year; making only a slow progress to the eastward 
from.jthat point; Its apparent motion in that direction^" in the 
course of a year, is little more, than twelve degrees, or less 
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tban the moon moves in, twenty*four hours. - Hence, if w* 
perceive this planet in any particular point of the heaven* 
this yea*, about the same-time next year it Will appear only 
about twelve degrees farther to Jthe east. In the year 1846, 
Saturn might be seen rising on the 5th, of July, about 10 
o'clock in the evening, in north latitude 52 degrees, near the 
south-eastern part of the sky ; and in 1847> about twelve day* 
later, er about the i 7th of Jiily,.he might be. seen rising at 
the same hour, nearly in the same point of the horizon : thus 
the r time of his appearance in l!he evening, from, year to year, 
may be readily traced by *ny common observer. 
, Net withstanding the dull appearance ef rthis planet io the 
naked eye, -when viewed through a powerful telescope* it 
presents a more singular and magnificent appearance than. 
any ether body connected with the solar system ; and were 
it as hear us as Mars, or even as Jupiter, it Would present a 
splendid aspect even te the naked eye. The ancients, who 
first traced the motion of this planet, could form no idea of 
the grandeur of Saturn, and, of the system with which it is 
connected ; and theirastrologers* on account of his pale, leaden 
hue, accounted him as a c|ieerless r unfortut)ate planet, and as, 
shedding a malign influence upon the inhabitants of the earth. 
But after ages of darkness and superstition had rolled away* 
the telescope, which has unfotdecL to us the wonders ef the 
heavens, 'was invented, and, by the help of ihis noble instru- 
ment, a system K5f. revolving bodies was discovered around 
this planet, and a piece of jselestial mechanism disclosed to 
view? niore, wonderjul afto> magnificent than any other object 
within the limits of our system-rr-the. existence of which we 
could never previously have anticipated. - 

In magnitude* this planet nearly approximates, to the size 
of Jupiter. Its diameter is estimated a't seventy-nine thou- 
sand miles ; its. surface contains nineteeri thousand six hun- 
dred millions of square miles ; and its solid contents amount 
to two hundred and sixty-one billions, three hundred thou- 
sand millions of cubical miles.. It is, .consequently, nearly^ a 
thousand times larger than our globe. With powerful tele- 
scopes, four or five beks* have been discovered on its surface, 
whiph are broader and Jess, stronger marked than those of 
Jupiter, And are not subject to the variations which appear in 
Jupiter's belts— and therefore it is probable that they form' 
permanent portions of the globe of Saturn, indicating -that 
there is a diversity of surface on this planet; but whether 
land and water, or any ether substance, is to us unknown. 
Its figure, like that of Jupiter, is a spheroid — the proportion 
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of the polar, and eqne^ojW diameters being nearly as elfrwl 
to twelve ; consequently the equatorial diameter is 6790 miles 
longer than the polar. . The quantity of light it receives from 
the sun is oely the one-ninetieth partofwJbat'We receive; 
but this portion of light is equal in-effect to the -light whieh 
Would be reflected-from a thousand fall moons of the sise of 
that which is connected with our world. The density of this 
planet is less than that of any other planet in the system, it 
has been calculated, on physical principles, that abaUof cork 
equal m size* to Saturn would nearly counterpoise it, that ia> 
would be nearly of the same weight; so that its specific 
gravity is less than half the weight of water. * Notwith- 
standing, it is possible that the density of the materials* on it# 
surface may be as great as those substances- which form the 
upper crust of out globe ; and its density, instead of increas- 
ing towards the centre, as is the case with the earth, may 
gradually decrease frem its surface to its central parts, so that 
the materials neap the centre may be as Hght as air. 

The satellites of #*furn.-— This planet is accompanied 
with a mote- numerous train of attendants than any of the 
other planets. No fewer than seven large moons have been 
discovered moving around this mighty orb te diffuse lijrht 
over its surface in the absence of the sun, and to diversify 
the scenery of its firmament. It was nearly half a'century 
afterthe invention^of the telescope, before anyx>f* these satel- 
lites were discovered^ The first of these bodies which was 
discovered was that which is the sixth in the order of dis- 
tances from Saturn. - It was discovered on the -25th of March, 
1055, by HuygenSf a celebrated Dutch astronomer. In hjs 
work, entitled " Systems Batumi um," published in 1659, he 
gives us ah account of .sixty observations— each accompanied . 
with a figure— which he made on the various positrons of this 
satellite in respect to Saturn; in order to determine-that it was 
a revolving body which performed a circuit around Saturn as 
a centre. These observations were made with a common to- 
fracting telescope, twelve feet long, which magnified abqnt 
sixty-eight times, but had not powej nor-light sufficient to 
show the rest of the satellites* It was not till the year 1671* 
that any other satellite was discovered : in that year Caasinl, 
a French astronomer, discovered the seventh sateffite, or the 
most distant from Saturn, which is next in brightness te 
the sixth ; and in 1673, the same observer discovered the fifth 
satellite. Fourteen years afterwards, namely in 1666, he 
discovered the third and fourth? and in mating these obser- 
vationi he used telescopes of more than a. hundred feet A 
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length : though he -teUs -us that afterward* he could see aB 
the. five satellites with a telescope orflyjhirty^four feet long; 
which could- bear a magnifying power of only abotat one hun- 
dred and twenty timed.* JNo Othet satelliferwei^cHscpyered 
till mere than a century ^afterwards; when Sir W. Herschel 
erected at Slough, hear Windsor, his large ibrty*-feet reflecting 
telescope: CHi the firsWay this tejescope was fit for observation, 
namely on the ,28th of August, 1789, the second satellite was 
discovered ; andsoon after, the same unwearied observer dis- 
covered^the fir$t, by means of the same instrument. These 
satellites cannot all be seen but by means of powerful instru- 
ments. > The sixth and seventh, -or the two outermost, may be 
perceived by telescopes magnifymgfrom eighty to one hundred 
time*; bc&the two innermost* discovered by Herschel, are the 
most difficult objects to be perceived throughout the whole 
range of the* solar system, and have seldom or never been seen 
with aiess-instrument tjaan a twenty-feet rejector, and eighteen 
inches aperture, sjt has been remarked, that the seventh satel- 
lite, or the most distant from Saturn, is sometimes not visible in 
the eastern part «f its orbit, and that it -appears to grow dim- 
mer and dimmer as it recedes from its primary. This has 
been, accounted for by supposing that it is sometimes covered 
with spots, and at other times free of them, or, if the spots 
be permanent, that it has a rotation round its, own axis. 
The following are the period* of the sidereal revolutions of 
these satellites, arid their distance from Saturn in miles. The 
first satellite, or that nearest to Saturn, performs its revolution 
in twenty-two hours and a. half, at the distance of 120,000 
miles from the centre pf the planet, and only 18,000 miles 
from the edge -of the ring. Of Course, this satellite will move 
round the visible hemisphere of Saturn's firmament in little 
more than eleven hours. The second satellite revolves round 
the planet iri one day and about nine hours, at the distance 
of 160,000 miles. The third satellite performs its revolution 
in one* day twenty-one hours and a quarter* at the distance 
tf 190,000 miles. These three satellites are all much nearer 
16 Saturn .than our moon is to the earth; and as they are un* 
doubtedly Jarger than our moon, they musf present a large 
and splendid appearance to the inhabitants oi 4 , Saturn. The 

* The long telescopes here alluded to<-~whJch were very difficult tQ 
manage, ana required great dexterity and address in using them— are 
How entirely superseded by the invention of achromatic and reflecting 
telescopes, which will bear a high power, with a comparatively short 
length of tube ; an achromatic telescope, 5 feet long, may carry a ma«n^ 
tyin$ power superior to that of a common refracting telescope a hundred 
toet in length* ~ " - "■ 
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fourth, satellite compiles its circuit in two days, seventeen 
Jurors and three quarters,, at -the distance of 243*000 miles, or 
a -little more • than the distance, between the earth and moor. 
The fifth satellite finishes its periodical revolution in four 
days, twelve hours, fifty-five minutes, at the distance of 
84(^000 miles. The sixth requires a period of fifteen days* 
and twenty-two hours and three quarters, and revolves at the 
distance of 768,000 miles. The seventh, or -outermost sa*el* 
lite, requires seventy-nine days and about eight hears* to com* 
^lete its revolution) and -its orbit is 2,907,000 miles from the 
centre of Saturn, or more than nine times the distance be* 
tween.tbe earth and the moon. The orbits of the six interim 
satellites are nearly circular, and very nearly in the plane of 
the ring. The oroit of the seventh approaches nearer in eo* 
incidence with the ecliptic. ' 

.. These satellites,, like those of Jupiter, undergo Sequent 
eclipses ; out on aceount<of their great distance from the earth* 
these eclipses are not frequently observed. It is evident thai 
saclva numerous assemblage of moons revolving around toift 
planet at different distancea and in different perjodrpf time* 
will present a most beautiful, variegated, and sublime apt 
peacance in the heavens of Saturn^ especially when air the 
seven ^satellited happen to appear at the same time above the 
Jioriaon. Then one. will appear as a full moon, another as ft 
crescent, and another with a half-moon, or a gibbous phase- 
one entering into an -eclipse, and another emerging -from it** 
the two inner satellites, on account of their nearness to the 1 
planet, presenting the largest disks, and t^e aaost splendid 
appearance, and moving with great velocity ia* their orbits* 
rapidly passing the other satellites, at-different rates of motion* 
and leaving them behind in their courses. On the surface 
of Saturn itself, a curious- effect- will be produced, and a di-. 
versified scene presented. The shadows of atl objects will 
be projected in different directions by the different satelliles, 
according to their relative positions in the heavens; One 
satellite will project the shadow of an elevated' object towards 
the east, another will project it towards the west ; a third will 
' make it fall towards the north * and in_£ yarietywof other di 
rections, according to the number of satellites above the hoii* 
zon, and the positions they occupy in the firmament; and the 
swift: motion of the first two satellites will cause the .directiorj, 
of these shadows rapidly to change. Ip. addition to all this" 
variety of celestial scenery there is the grand spectacle^io^ 
duced by the magnificent rings -with which the 1 planet fovea* 
circled — which we will now endeavour to describe* * • 
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These* tings form one\ of the 'most wonderful objects con- 
nected with the solar system. Galileo, soon after he had 
presented his ftewly-inventgd telescope to tne heavens, was 
the first of flwfrfels who caught a glimpse of this singular ap- 
. pendage, to th£ globe of Saturn : but on account of the want 
of sufficient power m his 'telescope, he did not recognise the 
nature of *he object he was, contemplating! From wKat he 
could discerft, he imagined that Saturn consisted of thfee 
gfobes-r-a larger glob<? in the middle, and two small globes, 
one oil each *sfde, and all the three nearly touching each 
.other. After-viewing this, phenoinenon for the space of two 
years, he was amazed^ at the end of this period, to find the 
middle globe left / quite alone, and .the two smaller* globes to 
bitve disappeared ; but after a period of about a year he again: 
caught a glimpse of them, when they continued visible for 
about fourteen years in succession. Nearly half a centuTy 
elapsed before ine true nature and form of this extraordinary 
phenomenon- were discovered, ^hiring this' peTicd many 
Were the strange* conjectures which were formed respecting 
it. Some astronomerstthou^ht that the two small globes stuck 
to the middle globe, others that they were' separated" from it. 
Some thought that the phenoinenon consisted of oneHongish,. 
%ody, or> ellipsoid; and that it was perforated with a very large 
hole, or opening .on each side? j3ome imagined that two 
bodies, each <>f. the form of ar crescent, were connected with 
the body of Saturn, and one placed on each"' side $ and some 
that the phenomenon consisted of an elliptical ring, but that 
this ring was attached to ^the globe of Saturn, above and be- 
low. • Htry geris, in his "Systema SaturniumV presents us 
with fouiteen engravings of the:various forms which different 
astronomers had conceived respecting this appendage to the 
globe -of Saturn, some of which are very curious, and almost 
-ridiculous, yet, in- some cases, indicating considerable inge- 
nuity of.conceptionr It was not till about the years 1855 ^nd 
1656 — forty-six years after -the 'invention of the telescope — 
that the real Mature and figure of this singular phenomenon 
were discovered by- Huygens. 'This ingenious mathema- 
tician and astronomer, in otder to settle me disputes pn this 
subject, resolvedrin'the first place, to improve'the art of grind- 
ing pbject-giasses; so as to irtcrease the magnifying power of 
-telescopes; and in this he succeeded so far as to make some 
that magnified two on three times more than those which had 
-4>een previously* in use"* * With a telescope twelve feet long 
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and another, twenty-three feet in Jength-^-which would mag- 
nify nearly a hundred times — and, after *4ong series ofob- 
servationa, he demonstrated the true cause of those surprising 
phenomena, which had puzzled all 'preceding astronomers* 
and showed to a certainty that Saturn is surrounded with, .an 
immense ring, which is entirely -separated from its body by 
an interval of many thousand miles, and that the diameter of 
the ring, in proportion to the diameter of the planet^ was as 
9 to 4. _, . %t x , 

Since the time, of Huygens, it has. been discovered that this 
circular arch, which surrounds Saturn, is composed of two 
concentric rings, separated by an interval of nearly two thou- 
sand miles. The following are the dimensions jof these rings, 
as calculated by Sir J. Herschel, from the measurements of 
Professor Struve, made at Dorpat— by means, of the superb 
mkiometer attached to his great telescope : — Exterior diame- 
ter of the exterior ring, 176,418. miles; interior, diameter 
of ditto, 155,272. Exterior • diameter of the interior ring, 
151,690; interior diameter of ditto, 117,039, Equatorial 
diameter of the body of Saturn, 79*160. , Interval between - 
the planet and the interior ring, 1 9,090. . Interval between 
the two rings, 1791. Thickness of the, rings, 100 miles. 
These dimensions are considered by some as rather too small. 
Sir W. Herschel, and all the astronomers who preceded him, 
estimated the exterior, diameter of the exterior ring as above 
two hundred thousand miles ; and Sir John Herschel himself 
admits, that " the interval of the rings above stated is possi- 
bly too small." Still the dimensions here stated conyev to 
us a most astonishing; idea of the magnitude and .grandeur 
of those magnificent - rings which encompass the globe of 
Saturn. Sir W-. Herschel, by means of several protuberant 
points connected with the ring, discovered that it has a 8wjft 
rotation around the globe of Saturn, which it accomplishes in 
about ten hours and a halP— -which, reckoning its circum- 
ference, according to the lowest dimensiqns r at 554,234 miles, 
is a velocity of about nine hundred miles every minute; ' 

This double ring is evidently a solid body, as appears by 
its throwing a well-defined shadow, upon the body of the 
planet, on the side nearest the sun, and on the other side Re- 
ceiving the shadow of the planet itself, — which is seen, at 
certain times, by means of powerful telescopes. - It is everyr 
where at least twenty thousand miles distant from the surface 
of the planet, and yet it is carried along with it in its. annual 
revolution round the sun ; and, therefore, if it were not a 
solid hody, it would either tly off from Satturn, or its centxifi*- 
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g&l force* caused by its rapid rotation, would dissipate all its 
parts, and disperse them aroutid the body of the planet. 
These -rings contain, on all their surfaces taken together, an 
area of mofe than twenty thousand millions of square miles, 
which is more than a hundred times the area of our globe. 
Th^y, therefore, contain ample space for the accommodation 
of thousands of .millions of inhabitants. \ 

In consequence of the immense size of these rings, and thjs 
large space they will occupy in the heavens, they will pre- 
sent a magnificent spectacle from those regions of the planet 
which lie under their enlightened sides, particularly. those 
places which are situated not far from the planet's equator. 
They will r appear, as, vast arches, -spanning the firmament 
from, one part of the horizon to the opposite, and holding an 
invariable situation, among the stars. They will not be. visi- 
ble at the poles of the planet, on account, of the convexity of 
the globe of Saturn interposing between them and the ob- 
server,; but, near the polar regfions^a segment of the rings 
will appear, presenting a brilliant appearance in the horizon. 
Advancing from these region* towards the equator, they .will 
appear to span the heavens, like brilliant arches of different 
degrees of magnitude, till, approaching near the equator, they 
will appear in the form of complete semicircles. Fig. 49 
presents a rude sketch of the rings, as they will appear from 
such a position, together with a partial view of^the nocturnal 
Armament of Saturn. But ho ^pictorial representation, how- 
ever ample the scale, can -convey even an approximate idea 
of the august and splendid objects which must diversify and 
adorn the rfocturnai sky of Saturn.. For, besides the rings, 
which will form the most striking and magnificent spectacle, 
there, are seven moons, three or four of which -generally di- 
versify the celestial hemisphere, appearing in different posi- 
tions, and with different phages ; t and; sometimesi the whole 
seven satellites may be beheld in one bright assemblage, pur- 
suing their different courses among-, the stars, and rapidly 
shifting thei* positions and aspects. ^ . 

The, views of Saturn, and the rings, obtained by powerful 
telescopes, are highly interesting and beautiful ; but the ap- 
pearance of the rings is not. the same at all times. When 
seen to the. greatest advantage, they appear as represented in 
fig. 50* where they assflme the appearance of ellipses, or 
ovals, with' the planet in the centre, and on" each side of the 
planet the dark space or. interval, bet ween the interior ring 
and Saturn, The division between the rings is indicated by 
* dark line which seem* to go round the ring, which is the 
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empty space by which they arceeparated. It is. only aboul. 
once in 15 years, however, that^he rings appear- so open as 
here represented ; and sometimes they are altogether invisi- 
ble as seen from the earth, This happened in October, 1833.; 
and after being visible for some time, from, December, 1832, 
to April, 1833, the ring again disappeared for Two or three 
months. During this time, the only indication winch wa# 
given of its existence was the shadow .of the ring, which ap- 
peared 'like a dark belt across the body of the planet, At 
present, (1846,) the wrings appear much narrower than what 
is represented in the figure, though the dark space between 
the planet and the ring is distinctly visible. Iri 1847, the ring 
will appear still narrower^-in *he beginning of that year, it 



jwttl apnea* nea*fy m in %. 51, like a line of tight oh each 
side or the' pknet; but without any: apparent opening of the 
ring; in the beginning of 1848, it wifl entirely disappear, 
and, intl^s case,^the thin edge of the rmg Is turned towards 
the* earth, and the pknet appears as if it wele entirely di* 
nested of jts magnificent appendage, and tp move solitary 
among the stars.. < About July of August, of the same year* 

. me ring will again* appear, through good telescopes, as a- fine 
thread, or line of light, on each aide of the planat ;■ and, in 
1849* the N opetiing of the ring and the dark space between it 
and the planet, will be distinctly Visible,, During x the years 
I860 and- 1861, the ring will appear still mote expanded 1 , till 
towards thejBftd of 1864* when it .will appear falty expanded* 
a* in fig. 60. r a^d, during the other seven years and a half, 
it will gradually contract till about the end of 1861, or the 
middle -of 1862^ when it will again become invisible. * 

TJie phenomenon ;of the disappearance of the. ring takes 
place -at, intervals' of 14 years and 9 months, and happen* 
when the planet is in 170 degrees, and "360 degrees of lorn 
gitude, el in the ^JOth degree of Vi|go,and the 20$h degree 
of Pisces.* The sun shines on *the one side of this ring dur* 
ing a period of 'nearly 16 years', and-4he regions of the pk* 
net* that lie under the dare side, suffer a splar eclipse, un^er 
its <sha&)W* during the same period.' But there is no doubt 
that this /apparent defect is compensated, not only by the light 
of the satellites, but. by other arrangements, with which we 
are unacquainted.. This planet, with its rings, would exhibit 
a more splendid and inter^tiHg^pearanoe^hrough our tele* 
scopes* could we view the rings, not obliquely, but as stand* 
ing/at right angles to our line, of vision, as represented -in fig. 
62* , *5hi8 represents 'the real position of the rings in respect 
to the planet ; but our eye is never so much elevated above 
the plane of the. rings aa to view them in this -manner; it is 
nevef elevated more than 80 degrees above the planes of the 
lings, so. that we neve> see- the rings mdre fully expanded 
Ji^. what i& represented in fig. 60. < 

Had pur limits* permitted, we might have inquired mto the 
ends for which these rings -wejre formed by the Almighty 
Architect, and- the designs they 'are intended to accomplish 
in the system of Saturn,, But, in consequence of the great 
distance at which we axe placed fronOfeis planet, .and of our 

„ ignorance of many of the plans^of the great TZfreatei in hid 
arrangements of the universe,- tye are unable fully, to appre- 

- ciate all jthe^desfgns he intended to accomplish, either m tfcis, 
or in other parts of his operations. There is one object, how 
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ever, that these rings were evidently intended to accomph'sh> 
namely, to throw a light on the regions of the planet in the 
absence of the ftun— to serve the purpose of a thousand moons 
«—tp produce a diversified ' and sublime scenery in the nec^ 
turnal sky :<)f Saturn, and to display the glory and magnificence 
of the Creator. They evidently manifest his power m the 
amplitude and greatness of their dimensions, in the vast quan- 
tity of matter they contain, and in the amazing rapidity with 
which they revolve around the planet— -and his wisaom in 
nicely balancing and proportionating every minute, circum- 
stance in their construction and arrangement, by certain laws, 
so as to- prevent them either from flying off from the planet 
ih its swift career, or from falling down upon its outface, and 
producing a complete derangement of the whole fabric of this 
nighty globe— and likewise in preserving them in their exact 
position, and proper motions, without variation, from age to 
age. They may likewise be intended to teach us in what a 
variety of modes* inscrutable to us t the Creator may bring 
into existence numerous worlds, encompassed with celestial 
machinery and arrangements altogether - different frohi any 
thing we have hitherto contemplated — which may-Jead us to 
conclude that, iri other systems, and around other suns, worlds 
may exist diversified with celestial scenery, of which/ we find 
no traces throughout the whole, range of our pldnetary sys^" 
tem. T - ' . 

But, besides these general designs, we conceive, there is 
another important-end these, rings are intendec^to subserve y 
namely, to forjh a habitation for numerous erders of inteilec- 
ttial beings. Wherever matter exists in our world; we find 
it peopled with different orders of animated existence ; and 
therefore it would be absurd to suppose that the -celestial 
bodies — formed by the same AD-Wise and Almighty^Beihg-^- 
should be altogether destitute of inhabitants. The quantity 
of surface on the rings is more than twenty thousand millions 
of square miles, being more than a hundred times the area 
of the whole terraqueous globje, and consequently contains 
ample space _for the accommodation of myriads of inhabitants ; 
and it is highly improbable, from what We know of t^e plans 
of infinite wisdom, that sucha space should remain for ever 
as a barren desert, without contributing either to sensitive or 
intellectual enjoyment. The scenery of the heavens) as > be- 
held from the rings, would even be more grand and diversified 
than that which is beheld from -the surface of Saturn, and 
would afford to intelligent natures a striking display ofthe per- 
fections of their Creator. ; 
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'We fftay just faribey. state, in r*\*^ t& this pkntt, that 
several late astrdnbmere -are -of opinion that the outer ring of 
Saturn fe divided' into' several smaller Tings. Captain* Kater 
sta*es> irr. a paper sent toihe "^stronomieal Society," that 
on December ITtfr, 1886, with a reflecting telescope of six 
feet .sir inches focus* 44 *he > saw the outer ring of $atuf» t se> 
pferated by numerous divisions, extremely close, one stronger 
than the rest* dividing the ring about- equally. Professor 
Gtuetelet, at Paris, likewise states, that, with the achromatic 
telescope of ten inches aperture; 'f he saw the t outer nag di- 
vided .f and Decuppis? at Rome, is also said tahave observed 
the- same phenomenon. Mr. Lawson, an ingenious astro- 
nomer, at Bath, who has- lately/erected a eplendidachromatic , 
telescope, twelve ieefclong^ states, -that with some of its higher, 
powers; he has several times observed several' -divisions 09 
the ring of Saturn. ~ If this magnificent arch w not merely 
double, but ever* treble, or ouadrwple, it presents a, still more 
wornle^ful idea to-the mind,- especially if each of the ring* 
have a ilistinci and separate rotation round the planet. But 
as the divisions alluded terhave iiot been* perceived by .other/ 
observers in the most favourable* circumstances, we must sus- 
pend our ogwno^n on this point; till more minute and extensive 
observations be made, either t& disprove of to confirm those 
which we hove now stated*- 

In concluding our reflections on -this planet, it is almost 
needless to remark, that the planer itself,, with all the celestial 
scenes connected with it, presents to the^mind an object of sur- 
passing grandeur and sublimity. * Let as* suppose ourselves 
st&troned within a few thousand miles of this,ple»et— a station? 
which some superior ihteihgencejs may ec*msiohaHy occupy— 
from such h position, the globe of Satufnvthe rings, and the 
saieHites, woul4 appear to fill the greater pertioa of the visi- 
ble heavens; Let- ~u#4hen conceive this planet— a thousand 
times larger than th% earth-^%ing before us .at the rate of 
twenty-two thousand miles an hour, carrying along with it 
stupendous rings, .five hundred thousand miles in circum-v 
terence, 'and these -rings revolving round the plapet with a 
velocity of nine hundred miles every minute, and seven other 
spacious gkfees, larger .than etrr moon, wheeling their vapid 
courses, -at different distances around the pknet-and its rings 
—let Vie endeavour to stretch ^our imagination .to the utmost,' to 
represent such a scene as yearly as possible to the reality, and . 
suppose ourselves^as' spectators— ^how grand and overwhelm- 
ing^ and almost terrific, would be the amazing spectacle f- 
Atoddtf the emotion* it would exsite, we ceuJd only eaelaiw 
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"G**at amd jumiwre arb m woriss, Lord Ood Afc- 
miohty P '— *' Thy right hand, O Lord, is become glorious m 
power !"— '• Who can utter tjie mighty acts of the Lord 1" — 
" The Lord God Omnipotent reigneth!" Is it possible to se- 
parate such scenes and operations from the idea of .an eternal 
and Almighty intelligence* who formed ^and arranged, and set 
in motion, such stupendous machinery ? Could chance, of 
the fortuitous concourse of atoms, have ever produced such a 
portion of celestial mechanism, and preserved it unimpaired 
in all its relations and 'mevemMts, from age to age? Such 
an idea is fraught with the grossest absurdity that ever entered 
the human imagination. U a Divine superintendent over 
creation didV not exist, the whole frame of universal nature 
would long ere now hare been unhinged, add the universe, 
with all it* splendid orbs and mighty movements have^beea 
transformed into a chaos, -and scattered throughout the regions 
of infinitude. And, " since a God there is, thai God how 
great V* His power is irresistible, his wisdom is unsearchable* 
and his agency pervades the immensity of space. To refuse 
to submit to his laws and his moral government raust, there* * 
fore, expose us to the, most dismal consequences. For thou* 
sands of means are within; the range of his witfdom and intel- 
ligence by which the rebels. against his authority may be 
arrested and punished ; and his power to execute his pur- 
poses no created beings can control. . " The mountains quake 
at him, and the hills melt, and the earth is burned at his pre-, 
sence, Who can stand before hia indignation ?" " The 
pillars ef heaven tremble and are astonished at his reproof." 
Happy they who hare this Almighty Being as their father 
and their friend, *^who do his commandments, hearkening 
unto the voice of his word*" For all the glorjes of creation, 
and all the resources of the universe are at his disposal to 
contribute to their knowledge and felicity, while ages numer* 
ous as the drops of oceanare roiling on. < ' 

SE,C. VIII. ON THE PLANET URANUS. 

Till near the close -of .the last century, Saturn was con? 
sidered as the; remotest planet fronvthe sun, and his otbit as 
formjng the outermost boundary of the planejafy system f 
£ut, since the discovery of Uranus, the diameter of the sys- 
tem is doubled, and the area of the space it comprehends is 
four times the dimensions formerly supposed. Instead of an 
area of twenty +five thousand nuflions of square oniles— its 
former supposed dimensions— ^it noyp comprehends at least 
one hundred thousand millions of square miles; throughout 
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ejrery porrtkfci • of which the influence of the* great central lu- 
minary- extends, and likewise as far > beyond as the erratic 
comet pursues its "distant course. It is somewhat strange 
that, from the time of Huygens and CassiriJ, wheirtelescopes 
were brought to a certain degree of perfection, tf Ihnear the 
close of the eighteenth century, (a period :of more than a h\ra* 
dred years,) no new discoveries were made in 1 the .heavens, 
when theTnumber of those who* cultivated the science of astro- 
nomy was increased? and fhe science ttself had -received many 
improvements. But the mint} of fcian has a propensity to in-' 
defence. when toot stimulated hy worldly gain, and certain 
difficulties* to be encountered tend J& discourage and impede 
its progress. The long and unwieldy telescopes used by the 
astronomers of the seventeenth century were- very difficult to 
.manage,- and required" long exposure to the cold «it of the 
evening, and their attention was chiefly directed to observa- 
tions on the planetary bodies whichr-were thenknowri* Few 
observations, comparatively, were made on the fixed stars, sd 
as to ascertain the varieties which exist among theroythe 
changes to which they are subject, or the moving bodies that 
may be fbimd in the stellar regions? arid hence, in part* 
the reason that so few discoveries were made during that- 
peripch ' ^ . ' . ' , .• 

" "The appearance- of the }ate Sir William Herschel, as- an 
-observei/of the heavens, formed a new era in the -history, of 
astronomy. ^This illustrious astronomer iiaving Viewed the 
heavens with a two-feet Gregorian telescope, which he had 
borrowed; was 'so much interested with' the instrument, that 
he* commissioned a* friend- in London to purchase for' him one 
of a larger size. The price, however, being more than he 
anticipated, and more than 'he* -could afford, he resolved to 
attempt the-, construction » of one with his own hands ; and in 
this 'he succeeded. A five-feet Newtonian reflector, which 
che completed in tlffl4, was the cojwmencement of that "brilliant 
series of discoveries and improvements which he afterwards 
effected. While residing in Bath, he had been engaged for 
a year -and ff half in,makmg *• Tegular- survey ^of the neayena, 
when on the evening of the 13th of March, 1781, he* die* 
covered, among other stars, one of unusually steady Tadiance| 
• continuing to watch it, he found, after severaji observations, 
-a perceptible change in its position, although its motion wijth 
relation to the ether stars was tery slow. - Having sent an 
account of this*observation to Dr. Maskelyne^he astronomer 
royal, it was at first supposed ta.be a^comet,*but, soon^aflejr- 
wards it wis ascertained J>eyond a doubt that it was-i new 
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planet which hatM* all. farmer *§*&, eluded 4he-obeervatieo, 
of astronomers* For this discovery the Royal Society con- 
ferred upqn Herschel the honorary recompense of Sir God- 
frey Gopley's medal; and he. yarned the planet Georgian^ 
Surus v in honour of his majesty king George the Thkd; hut 
the continental astronomers distinguished it by the^name of 
Herscbel, in honour of the discoverers and it is now more, 
generally -known by the name of Uremia, Soon aiker this 
discovery, Herschel wa* taken under the patronage of his 
majesty, and rewarded with a. pension of ^300 per annum* 
He removed to Plough near Windsor, where, in. J 789, her 
erected his- large forty-feet telescope, by which he, was. ena-^ 
bled to make further discoveries* t ' ■ . - . * N 

The planet Uranus is not visible to the naked eye* and re- 
quires a eertain degree of magnifying power to Tender it 
visible as a very small star. We have seem it in this way 
with a power of twenty times, but it requires a power of at 
l6ast~two hundred tknto to make it appeariike % well defined 
visible disk. Its real magnitude, .however, is considerable*— 
being no less than thirty-five thousand miles in dikmste.r, or 
more than eighty times the size, of our globe. Its. surface 
contains three thousand eight hundred and- fo/Qr-eight mil- 
lions pf square miles,-** which is seventy-eight times the area, 
of all the habitable portions of the earth ; so ihat^ this appa- 
rently small' body, which- had remained unnoticed, for thou- 
sands of 'years,* adds considerably to- the quantity of' matter 
formerly supposed to. belong to the. solar system. For it con* 
tains a mass of matter, asrUo bulk, more than twenty times 
larger than what is contained m Mercury, Veous^the Earth* 
the Moon* Mars, Vesta, Juno, Ceres, and PatiaK Its dis^ 
tance from the sun is* about double that of Saturn,— being* no 
less than eighteen hundred millions of miles. To reach the. 
nearest point of its, orbit,. a cannon bell, flying from the earth 
in that direction, at therate of, five .hundred miles an hour* 
would require a period of three hundred and ninety years. 
It moves round the sun in thte'space of eighty-four years, in, 
an orbit 'eleven thousand. millions of miles m circumference^ 
at the rate of fifteen thousand miles an- hour* The inclina- 
tion of k* orbit ta the plane of the ecliptic, is 46 minutes, 28 
seconds. y \ 

- From the immense distance at which this-planet^ is placed 
frbmt the sun, we might be apt to imagine that there will be 
a great deficiency of light and heat on its surface. The 
quantity -of light it receives from the sun is about three % 
hundred and sixty times less than what the earth receives^ 
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for^the^ quantity of ilkn*itiation enjoyed in' any planet ia 
iir> an: inverse proportion to the square of the distance df the 
luminous body that enlightens it. The quantity of ligjjt on 
Uranus— ^notwithstanding its great distance From the* sun— £ 
will be equal Jo what we should have, were three hundred 
and forty-eight full moons, continually shining on our globe 
at one timer. ButAe pupils of the eyes of the inhabitants Of 
this planet may be -so constructed as to take in ten. o'r-twenty. 
times the quantity of light which our eyes would receive, 
were we placed in that distant region. . And as to sensible* 
beat, it does not appear that' this depends on the distance of 
a planetary- body frdm the sun; but on the nature of its atmo- 
sphere, and the substances on its surface on which the rays 
of light and heat fall. J£y$ry part of our globe may be con- 
sidered as at arr- equal distance from the sun, and. yet there are 
all the varieties of temperature experienced from twenty de- 
grees below zero in, the frozen regions of Greenland, to a hun- 
dred degrees above it* in tjie- scorching climes of the torrid 
zone. On the top of the Andes, in South America, there is 
the most intense cold, and perpetual snows; while in the 
plains below excessive heat is felt under the rays of a^ropical 
sun, while only a few miles intervene between the respective 
localities. Akahy rate, we may rest assured that, throughout 
all the regions: of- the universe, the Creator has. displayed his 
wisdom and goodness in adapting the structure, aftd constitu- 
tion of Xhe inhabitants to the nature of the habitation he has 
provided for them. : . 

' In consequence of 4he*great distance of this planet, no dis-' 
coveries . have been made on its surface ; no spots have beeq 
seep to indicate e, rotation^ and therefore the period of its revo- 
lution rounds its axis is unknown, But the same illustrious 
astronomer who first detected it, soon after discovered no. less 
than -six -satellites-%which revolve around it* The following 
table contains* a. list of* these satellites, with their distances 
from Uranus, and their periods of revolution. ^ 



1st, ( 


wr nearest 




Periad. 


. - . Distance. 


. to Uranus. 


5d.21h.25in. 


- 230,000 miles. 


2d. 




8 


Al 


1 


298,000 


3d.- 


• ,„ 


10 


23 


3 


348,000 


4th. 




13 


10 


66 


399,000 


5H. 


'. 


38 


1 


48 


777,000 


Oth. 


' " 


.107 


10 


40 


1,597,708 > 


It 


is* somewhat remarkable, thai these satejlites, instead of 
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moving frpm west to east, or in th* direction of all lh» other 
planets and satellites, have their orbits nearly at right angle* 
to the ecliptic, and move in a direction from east to west* 
These are exceptions to the general taws of the planetary sys- 
tem which it is difficult to explain:. But they occur at the" 
farthest limits of the solar system, perhaps to tekehnieylhat 
hi other systems arrangements may exist very diflferent from 
those we experience in the system to which .we- belong. 

SMC. IX.— GZRE1UI. ESltARKB ON iTOtgQlJLB SYSTEM. 

• Such is a brief description of the principal phenomena 
connected with the planetary bodies which compose the solar 
,system. We have no teason, however, to conclude that alt 
the planets belonging to our system jhave yet been discovered. 
Were a planet of double the magnitude of the Earjh revolving 
between the orbits of Jupiter and Saturn, it would be alto- 
gether invisible to the naked eye, and might revolve for thou- 
sands" of years without being observed by the inhabitants ef 
our glo^e, unless astronomers were to make a minute survey, 
with powerful telescopes, of the whole range of the zodiac, 
in which most of the planets are found to move, along with 
portions jof the celestial regions on either side of it. If the' 
inhabitants of Jupiter and Saturn have no'better eyes than 
ours, and no artificial helps to vision, they must be altogether 
ignorant that such a globe as the earth exists in the universe, 
nor will they ever obtain a glimpse of either.Mers,'Mercury, 
or Vehus. Considering-the distance that intervenes "between 
Jupiter and Saturn, it is not at all improbable that one or more 
planets may exist in the interval; and since notfess than 90$ 
millions of miles intervene between the orbits of Saturn -atid 
Uranus, several planets, much larger' than the* earth, may re- 
volve in those regions, whiclrthe keen eyes of astronomers* 
have never yet detected,, Even within the orbit of Mercury 
a planet may exist, which we may never be able to discover, 
on account of its nearness to the sun, heing at all times im- 
mersed in the effulgence of the solar rays. Our view's of the 
universe and its arrangements are only beginning -to ope*! 
and expand ;' but in the ages to eome, if art and science still 
advance, objects of which we have, no conception at present 
may be disclosed to view, eve^i within the bounds of the 
. planetary system. ' 

Throughout the whole of this' system we perceive order 
and harmony prevailing withoftt interruption; W£iTe 4lhW 
planets are prosecuting their courses, with- amazing velocity, 
and moving -onward m their respective • aphere* Tfefcbfcut 



a moments psaase^wjnle thsfrattiadJiYfc forces on each 
other sometimes produce alight perturbations— wHile onn 
sometimes interposes between the sun anil another, and casts 
a transient j?hade over its surface ; yet no disorder or confu- 
sion ever occurs throughout the system,:, every orb finishes 
its respective circle of revolution jn exactly the., period of time 
iip which it Jias been; performed for4h6usattds of years ; up 
one 'ever' interrupts 'the course of another j no satellite ever 
forsakes its primary, in the course of its rapid movement; 
but the laws of motion wigmally impressed .upon all- the 
bodies of 4^e system continue to operate as they have done 
from -the beginning* Theae.cireumstances evidently demon- 
strate the existence of a presiding Intelligence, who at first 
formed and arranged this magnificent system, and who every 
moment sustains it in all its movements* It would be easy 
to shew-~if rthis were the proper place for h)— that unless an 
Immaterial Power continually re-excited motion in the material 
universe, all motion would stop in a-very short time-— perhaps 
in less than an hour— except that the planets would rup out in 
rjght-lined directions; and then nothing would ensue but conr 
fusion, darkness,, silence, and chaos '... For matter of itself can 
pursue , no end, obey no law, nor change the direction of its 
motion; If, then,:a presiding Divinity is continually exert- 
ing his attributes, impressing every part of that universe |o 
which he gave existence, we cannot-deny his $ttle to supreme 
dominion; and* if "so, we must acknowledge that #11 praise,' 
adoration, Submission, and obedience are due .to Him, who 
hath created all things, and for whose ?' pleasure tl^ey are and 
were created." * • « - . 

T.. It may likewise be Remarked, tha,t amidst, all the varieties 
whioh characterize the planetary system, there are evident 
marks^of unity and mutual relationship. The distances of the 
planets from \the sun, vary from thirty-sev^n millions to one 
thousand eight hundred millions of miles, . The quantity, oi 
bight that falls On the surface of Mercury is two thousand 
four hundred times mere intense than that which falls on 
Uranug; fa* point of magnitude some of the planetaare' se- 
veral thousand times larger than nthers ; and as to the times 
of J their revolutions! their periods vary from eighty-eight days 
to- eighty-four years. Some have one accompanying moon, 
some have four, sbmf have, seven, and' others are destitute 
of such appendages. "Yet a jamily likeness pervades. the 
whole. . The figure of aU the planets is. nearly the same ; 
they are ali either globes or spheroids ; they alL move round 
their axes, and. round the same central luminary, producing 
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an. alternate succession 6f day and nifffc, and, in most in- 
stances* a- variety of seasons. Most of them, if not the whole, 
are environed with atmospheres ; and on thejr surfaces, moun- 
tains and plains, hifls and vales, have been descried/and the 
Jaw of gravitation pervade* and governs the whole^ One 
sun enlightens every member of this system, whether pri- 
mary or secondary ; and although this luminary appears to 
one planet seven times larger than to us, and* to another a 
hundred times' smaller, yet it serves all the purposes of a sun 
to diffuse that degree of light and splendour and benign in- 
fluence which is requisite for the comfort of each respective 
planet These, and other circumstances plainly indicate that 
one Supreme Mind contrived this system of moving bodies, 
and superintends, directs, and governs the whole/ For two or 
more supreme beings— whose plans and purposes migfct clash 
«— eotdd never be the parents of that harmony and unity of 
design which we perceive throughout the system of nature. 
Such considerations, likewise, lead us to conclude that all the 
planets of. this system are destined to subserve in their re- 
spective spheres the same grand purposes, namely, to Serve as 
comfortable habitations for numerous orders of sentient and 
.intellectual beipgs, capable of knowing and adoring the per- 
fections of their great Creator. For the material world could 
never be shown to manifest the wisdom and intelligence of its 
Author and Contriver, if this position were denied. . For it 
would then exhibit only a stupendous system of means with- 
out an end, corresponding to the magnificence of the opera- 
tions employed^; and, in this case, there would be no exten- 
sive display of the riches of Divine beneficence. 

Illustration* of the distance* and magnitudes of the Planet** 
»»-Sif J. JlerecheL proposes the foUowrngJUustration, to con- 
vey to the minds of general readers an impression of the re- 
lative distances and magnitudes of the parts of the solar. sys- 
tem ; " Choose any well-levelled field or bowling-green ; on 
it place a globe two feet in diameter—this will represent the 
sun ; Mej-cury will, be represented by a grain of mustard 
seed, on the circumference of a circle gneiuadred and sixtv- 
four feet in diameter for its orbit ; Venus, a pea, on a circle 
of two hundred and eighty-four feet in diameter ; the earth 
also a pea, on a circle of four hundred and thirty feet ; Mars, 
a rather large spin's head^ on a circle of six hundred and fifty- 
four feet ; Juno, Ceres, Vesta* and Pallas, grains of sand, on 
orbits of from a thousand to a thousand and two hundred feet ; 
'Jupiter, a moderate-sized orange, on a circle nearly, half a 
mile acjoss ; Saturn, a small orange,, on a circle of four-fifths 
of a mile ; and Uranus, a full-sized cherry or small plum, upon 
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the circumference of a circle more than a mife a*nd a" half in 
diameter. **• .* * . v . '■*'•. 

fWn this illustration^ appears, that an orrery to represent 
both the proportional distances and- the-*proportional magni- 
tudes of the sun.and planets would require to te mote than a 
mile arid a half in diameteT, and nearly^ five miles in circum- 
ference ; and, in this case* scarcely any of the planets would 
he visible from'the centre-. Our common orreries and plane- 
tartums can exhibit only the j*lative motions of the planets, 
and the order in whieh they are placed from each other m 
theaystem; but thej^ can. present noaccurate or comprehen- 
sive idea of their proportional distances or magnitudes $ and 
the balls which represent the sun and planets being so small, 
and placed so near each othetj, have a tendency to produce 
erroneous cdhceptions:^ The comparative distances and the 
comparative magnitudes -can .only be separately exhibited on 
a small scale. The following is a simple method b£ which 
we have frequently exJribited'the pro*portio»ai distances of the 
planets. Provide u small square rod about eight feet long, at 
one end of which place a bail or other, object to represent the 
sun. \ At twcr inches from the sun's bail, £laee a ball to re- 
present Mercury ; at jthree inches and a bal£ Ventfs » at five 
incJieS, the earth; at seven inches and a half, Mars ; at thir- 
teen inches, Ceres, fellas, Juno^ Vesta; almost close to each 
other; at twenty-five inches, Jupiter; at forty-seven inches* or 
about four feet, Saturn 5* and at' eight feet, Uranus. These 
proportions -will convey an approximate idea of the relative 
distances of the planets from each other and* from the sun ; 
and if wax, tapers were placed instead of the balls, and lighted, 
these comparative distances might be exhibited to a large au- 
dience. The- proportional magnitudes might likewise be ex- 
hibited aa follows :— Suppose a globe of eighteen inches dia- 
meter to represent the sun, Jupher will be represented W a 
ball one inch and four-fifths diameter ; Saturn, one inch and 
two-thirds ; Uranus, three*quarters of an inch ; the Earth, 
one-sixth of an inc~h ; Venus, one-sixth of an inch ;'Mars, one- 
eleventh oif an* mob; Mercury/ one-fifteenth of an inch; 
Moon, • onertwenty^fourth of an inch ; Ceres, Pallas, Juno, 
Vesta, by small pin heads, The following numbers may 
assist the memory in reeollectirig the proportional mean 1 dis- 
tances oh. the planets. Suppose the distance of the Earth 
from the Sun to* be divided into 10 parts?— Mercury may then 
be estimated at 4 of such parts from the Sun ;, Venus at 7 ; the 
Earth at4d ; Mars at 15 ji^he new planets, Ceres, Vesta, etc. at 
%frt Jupiter at B&; Saturn at05; and Uranusttt 190 such parts 
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Afctk&d qf acquiring an approximate ifUa of a million 
units.— *In the p?ece4in^ description of the solar system, the 
distances of ?<he sun and planets, and the extent of the pla-, 
notary orbits,' have been expressed by millions of jniles^ Bett 
however accurately such distances and 'dimensions • may be 
considered "as stated* the mind < is finable to form a, distinct 
a»d comprehensive idea 6f such vast distances and dimen- 
sions', and even, at its- utmost stretch, and with all its efforts, 
must be contented with- a very vague and indefinite concep- 
tioarof the immense spaces of the heavens. This is partly 
owing -to* our %ant of -a clear and comprehensive idea- ef the 
number of finite contained in a single million. We can form 
a clear idea ofa hundred units, and even of a -thousand ; out 
ideas often thousand, fifty thousand, and ajiundred thousand, 
are less clear and definite; and it is but'a vague idea we ge- 
nerally have of ten hundred thousand, or one. million,, when 
we attempt to grasp it alt one conception. We may assist our 
conceptions a little by such Illustrations as the following :— -A 
million of pounds would be sufficient for the formation* of 5000 
mries of road, at the,' rate of j£200 Sot each mile— wbich would 
be sufficient to rjeaoh from the Land's- End of England tojhe 
northernmost point oi Scotland,, to go 'quite rojmd the island 
of .Great Britain, and to cross it in differenT directions. The 
same sum would be sufficient to Tear more than 606 churches, 
at i£l 500 each, . It wouM be adequate to -the building and 
furnishing or 2500 schools, at 4400 each. Were a man > to 
count a million' sovereigns, 6rie f by one, and allow onry a sin- 
gle second for each -sovereign, and continue, without inter- 
mission, 12 hours every day* it would require more than 28- 
days before such a sum could be counted.; and, consequently, 
to CQunt'in the same manner 800^-miiJions of sovereigns, the 
amount of our national debt, would require more than fifty 
years ! < Were a million 6f men ..to be arranged in. a straight 
tine, similar to a line of soldiers when^on parade, and three 
feet* allowed for the breadth of every man, that lipe would 
extend* over a' space of' nipre than -568 mile& in length— in 
other words, it would extend overjhe whole length of the 
island of Great Britain, from the Straits of Dover to the Ork- 
ney .Isles.. Such illustrations may* help to assist the mind a 
little in forming its conceptions of the, number of units con- 
tained ffi a smgle million -; to which we may add the follow- 
ing— that a line a trillion ^miles in length would go forty 
times round tlje- circumference of the earth,; and that, since 
the creation of the world, little more than, two millions of days 
have elapsed. -* •<**.' 4 . * - 
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Mr. Henry Martin, teache*; Chatham, has fartery ci atr i Ve d 
a plan by which a million of units may be represented to the 
eye, and which produces a more striking effect than any plan, 
hitherto adopted. It consists in the arrangement of spots oi 
the size of those in the annexed figure. They are. arranged 
in squares, in the manner here represented— every square 
containing one hundred spots. There ace a hundred squares 
on a sheet of foolscap, which, of eouree, contains ten thousand 
spots or units ; and there are one hundred of these sheets 
pasted on a piece of calico, which doubles up like a long map, 
a small space being left -between each sheet, that the calico 
may form a hinge for doubling. ' The number -cflf spots\OB 
these hundred sheets amounts to 10,060 x 160* or exactly a 
million. This representation of a million of units, were it t* 
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be exhibited in the most striking manner, should be* stretched 
along the side of a large room, 8 feet high and 14 feet long, 
which it would completely fill-; or on any surface about IOi~ 
feet square, and containing an area of about 108 square fe,et. " 
The annexed figure contains 400 spots, which are only the 
wg^gth part of a million, go that it requires two thousand five 
hundred times the space and' the number of spots "contained 
in this, figure to represent the units in a million, On, behoM- 
kig such a number of units or spots, as close to each other as 
those in the figure, and covering such a large space, the mind 
is struck with wonder at the number of units which a single 
million 'contains ; and Mr. Martin informs me that "all per* 
sons, who have seen it, have expressed themselves-much as- 
tonished at the vastness of it." Were each square, contain- 
ing*100 spots, exactly of the same size as in the .figure* placed 
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alongside each ether/ in a straight line, that line' would extend 
above, a, thousand feet in length. ; , : r ' ' 

When beholding such a number of units compressed to- 
gether, and- yet. filling so great a- space,- we might be apt, at 
first view, to consider it as a fainf picture, or emblem, of im- 
mensity arid' eternity. But what is one million compared 
wjth hundreds and thousands of millions ? That sun, which 
enlightens v otjr day, is ninety-five millions of miles^ distant . 
from <is." 'The planet Uranus is one thousand eight hundred 
millions of miles distant from the sun, and yet is within the 
reach^of his illuminating and .attractive influence. Such im- 
mense distances are comprised even within the limits of the 
planetary system. How overwhelming, then, to consider the 
distance of the nearest stars ! That distance is not less than 
twenty billions of miles ;- and let it Jjer'remembered that each 
billion contains no less than ten hundred thousand millions. 
AndT as to magnitudes, we area almost equally overpowered 
at the .idea of tjieir- immensity. The suiwcontains,- on his 
surface, two billions, foUr hundred^ and thirty thousand eight, 
hundred millions of square miles ; and his solid contents com- 
prehend more than <hree hundred and forty-six thousand 
billions of cubical mites. And the sunisxmly one out of a 
hundred millions of similar globes whieh.com pose the r visible 
universe ; and, beyond "afl that is visible to human eyes, orbs 
of astonishing grandeur may exist, whose' number may ex-- 
ceed the " number of the Safids that lie along the sea-shore. 
Hence the ne^fcssity of- endeavouring* to forth as large rarid < 
extensive an idea as* possible of the number of units contained 
in a million, if we wfeh to take a comprehensive vi6w of the 
immense spades of the heavens, and the magnitude of the 
celestial orbs. For a million, great as this number is> forms* 
as }i were* but a unit to thousands, tens of thousands, and 
hundredis of thousandVof millions-^e billions, trillions, and 
others Jiigher numbers that sometimes enter into astronomical 
calculations;' j- ' , ' -•■ . - * 

What a vast and overpowering assemblage of human be- 
ings must be presented to view at tnat solemn day, when all 
the men fcnd women, that have ever<dwelt on the surface of 
c«r. glebe^shail appear in one great assembly before.** God, 
the Judge of all J", The number t^atJi&ve already dwelt 
upon the earth, since the formation of the first man, is atieast 
one' hundred and .forty-six thousand two hundred milhohs 5 
and, probably, more than double that number^ may appear 
before 4^at decisive day draws nigh, l^he idea of such an 
gssemblag&of beingsis absolutely o^erwheiming ttf our limited 
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powers of conception. It may N be proper, however, occa- 
sionatty to ruminate on such subjects, as it is one of the prin- 
cipal modes by which we may acquire comprehensive views 
of the vast extent -of creation, and of the ineffable glory ^and 
magnificence of the great Creator. " ' . - 



CHAPTER V. 

ON COMETS. 

- Bbsides the planetary bodies described in the. preceding 
chapters, there is a class of celestial bodies, considered as 
connected with the sokr system, which have obtained the 
name of comets. The word comet i* derived from the Greek 
«opty, and the Latin coma, both, which signify the; hair, and a 
cdmet was s<> denominated, because . the lucid haze wjth 
which the body of a comet is attended sometimes resembles 
flowing hair. As comparatively little is known of the nature 
and destination of these erratie bodies, we shall jusjt offer a 
very few remarks on . what has been ascertained respecting 
their phenomena and motions^ 

Comets are distinguished from the planets and fixed stain 
by being usually attended with a long train of light, tending 
always opposite to the sun, which is called the tail, and 
which is of a fainter lustre the farther it ia ten the body of 
the comet. The luminous point near the centre or head of 
the comet, whence the tail seems to proceed, is called the 
nucleus, which appears to be the densest part of- the comet. 
The tail of a comet at its first appearance is very short, and 
increases as it /approaches towards the, sun. Immediately 
after its perihelion, or nearest approach to the sun, the tail is 
longest and most luminous, and is then generally observed to 
"be somewhat bent, and to be -convey towards those, parts to 
which fhe comet is moving; the .convex jaide being* rather 
brighter and better, defined . than the concave side. .When 
the tail has attained its greatest length, it quickly decreases, 
and vanishes entirely from the sight about the same time that 
the comet itself peases to be visible. Of whai kind of matter 
the tail consists has been matter of conjecture,, and various 
opinions have been -broached on this. subject,. but nothing is 
certainly known. respecting it. It is evident, however, what- 
ever may be the matter of this substance,, that it, is exceedingly 
nire, and so very pellucid that the light of the smallest staxa 
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suffers na sensible diminution in passing through it Sir J. 
Herschel Bays, that he u could distinguish stars ofthe sixteenth 
. magnitude, through the thickest part of a comet, as it passed 
oyer then}, covering them" With ^perhaps 50,000 miles of 
cometie matter* ,.'■"' - 

The tails of comets -are found sometimes to occupy an im- 
mense space in the heavtens. The comet of 14580 stretched 
its tail across, an arch of 104 degrees, ami the tail of the comet 
of 1769 subtended an angle of 70 degrees. The real length 
of the tail of the comet of 1680, was estimated at H^'milticns 
of miles/ that of 1769, at 44 millions, and ^that of 1744, at 
eight millions of miles.- Sir W. Herschel estimated-the length 
of th^ tail of the great comet 'which- appeared in 1811, at one 
hundred minions of miles, a space larger .than thje whole dis- 
tance between the earth and th« sun* and its breadth was" 
calculated at about fifteen millions of miles. ' We may just 
simply mention the opinions of different philosophers, "re- 
specting those long trains of light. ^Tychb Brahe supposed 
them to be the light of the sun transmitted through the nucleus 
ofthe comet* which he believed to be transparent like a lens. 
Kepler thought that the impulsion of the solar rays drove 
away the denser parjs of ther comet's atmosphere, and thus 
formed the tail. ' Sir I. Newton supposed that it is. a thin 
vapour, raised by the heat ofthe sun from the comet. Euler 
maintained that the tail is occasioned by the tiro pulsion of the 
gqlat rays driving off the atmosphere of the cornet, and that 
the. curvajtureSobserved in the tail. is the joint effect of this 
impulsive force, and the gravitation of the atmospherical 
particles to the solid nucleus. Mairin imagined that comet's 
tails are portions of the sun's atmosphere. 1>. Hamilton 
supposed them to be -streams of electric matter. Biot,-tfce 
French philosppher,^supposes that the tails are vapours pro- 
duced *hy the excessive, heat .of the sun, and also that the 
comets are.solid bodies before they reach their perihelion, but 
that they; are afterwards either partly or totally converted into 
vapour by the intensity uf the solar heat* Notwithstanding 
these opinions of eminent philosophers, we must stiH admit that 
the -true caUseof the extraordinary phenomenon, of the tails of 
comets remains yet unknown.' * When we consider that these 
vast streams- of light extend, in some instances, to eighty and a 
hundred millions of miles in length, "we cannot conceive that 
any of, the causes assigned above will' account for sudh a 
wonderful phenomenon. If they consist of vapour raised 
from the comet, why should tins vapour extend to such a 
prodigious length through space, and why snouli it be ill— 
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minated throughout its whole extent? (or if it ^cere opaque, 
or unilluminated vapburrit would be invisible. 
v In aiKient times, comets were generally supposed to be 
meteors, or exhalations, generated by. inflammable, vapours in 
the earth's atmosphere.. But it is now ascertained, beyond 
a doubt, that comets move in regions far ^ beyond the limits 
of our atmosphere, and form a portion of the solar system. 
But they differ in many, respects from the various planetary 
bodies, formerly described, Jto regard to plarfets, their orbits 
are all confined to a certain zone, or region of the. heavens, o£ 
no great breadth, except in the case of Pallas. -This zone, 
in the case .of the old planets, contains about eight degrees on 
each Side of the ecliptic But th^orbits of the comets cut the 
echptic in every direction, and, m some instances, their p>bits 
are directly perpendicular $o it. They likewise differ from 
the planets in the fqrm ef . their orbits. The orbits of most 
of the planets, though elliptical, -approach, very nearly to cir* 
cles ; b\xU those of comets are long narrow ellipses, whose 
length is many times greater than their breadth, and, irrnfost 
cases, the full extent of their elongation canpot be traced. 
Only one small portion of these orbits lies within the limits of 
our observations, and their remotest boundaries are far beyond 
the range of human, vision. Hence it is, that we perceive a 
comet -only for a« very short time, and -during a very small 
part of its cpurse,.the remaining parts of its course being per* 
formed in regions- beyond the. reach even. of our telescopic 
vision, and beyond the orbit of the remotest plfjaet. , -' 
The following are some of the more remarkable comets 
which have appeared within the last .century and a half^ 
The most splendid of these bodies which have appeared in 
modern times was the comet of 1680. The tail of this comet 
is said to have reached from the zenith .to- the. horizon., an. 
extent of ninety degrees. When nearest the sun it was 
calculated to have been within I5D t Q00 miles of > his surface, 
and its rate of motion at that time waa computed at about a 
million of miles an hour. The period of its revolution round 
the sun was calculated at 575 years ; and if this computation' 
be correct it will not, agajib visit this part of the^system till the 
year 2255. Another comet which has excited a considerable 
degree of interest and attention/ is that which 'appeared in 
1682, and is known "by the name of |JaHey ?s comet. ^IJr. 
Halley computed the period of this comet at 75 or 76 % years, 
and predicted *bat it would. again appear about the' end of 
1758, or the beginning of 175&, It accordingly arrived at- 
its perihelion on the 13thJVlarc^, )75& If f6 years, be the 
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N ?eal period df tfeis comet, then it behovesfc to re-appear in 
1$85, which happened^ accordingly. It was seen .at Rome 
cut the (Hh of August that year, -and arrived at its perihelion 
on the 16th November. The period of this comet, then, is de* 
termined, and it is proved; at the same time* that comets are 
permanent bodies belonging to the solar system. At the 
remotest point of its orbit, this comet is computed to be 
8400,0009000 of miles from the sun*- or nearly double the 
distance of Uranus. ^ . , 

Another brilliant comet appeared in. 1744; the xliameter of 
the nucleus of which was nearly equal to the apparent disk 
of tfie plane! Jupiter,; ;and its tail, which was .divided inta 
six streams of light, was reckoned to }>e 23,000,000 of mites 
in length. In 1807, a large comet-mad^ its appearance in the 
month- of October^and continued to be visible to the naked 
eye for nearly twa months. The diameter of its nucleus was 
calculated by Schjoeter to be 40OO.raiies, and the diameter of 
its coma, or nebulosity surrounding the . nucleus, 120,000 
miles-;, its motion was frequently at the rate of 55,000 miles* 
an hour. AstiUmere splendid comet made its appearance 
in September, 1811, whi<jh was visihJe to the naked eye for 
. morethan three months in succession. Schroder computed 
the diameter of this comet at 50*000 niiles, and Sir W. -Her* 
schel estimated the length of its tail at 100,000,000 of miles. 
When nearest the earth it was distant about 113,090,000 ofc 
miles. We shall notice only two other comots, v remarkable 
or account of r the shortness of their periods. The first of 
these comets td which I. allude is called the Encke comet, 
from Professor Enckey who first ascertained its period. It 
performs its revolution in a period shorter than* that of any 
cornet yet known; namely, in 1200 days, or three years and 
three-tenths. Its orbk penetrates within the orjnt of Mercury, 
but does not extend sd far as the orbit of Jupiter. It is a very 
small body, and is scarcely distinguishable by the naked eye. 
The other eometis that of Biela, somejtimes called Gambartts 
comet, which finishes its revolution in a period of 0| years 
It was Seen in 1826, 1832, and 1839, and in February.ana v 
March, 1840. k is likewise a very small comet, and camfet 
be seen without a telescope. ' 

The number of comets has been estimated to be very, great. 
Seven or eight hundred of th^se bodies have, been observed 
in different'ages ; bi^t there are only a little more than a hun 
dred of them, the elements of whose orbits have been accu- 
rately calculated, so as to identify them should- they again 
make their appearance. By far the greater number are invi- 
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sible to the naked eye, and even beyondThe reach .of tele-^ 
•copes, and many of them, doubtless, pass along our hemi- 
sphere in the daytime, when they cannot be perceived. 
From calculations formed on probable grounds, M-. Atfago 
concludes that the number -of comets which visit the solar 
system within the orbit of Urartua, is at least 3,000,000. * Of 
late, within the space of fourteen months, fire or six comets 
have made their appearance ; one in December, 1843; in the' 
constellation jof Orion ; another in August, 1844, not far from 
the sUr Arcturus, in the constellation Bootes;. a third was 
seen in September of the same year, hear the constellation 
Cetus ; a fourth was seen in the month of January, 1845, in 
the West Indies, and which was visible to the naked eye, but 
was not seen in this country on account of. its great southern 
declination ; a fifth was seen in this country in February, 
1845, near the constellation of Ursa Major, and about the* 
same time another was said to have been seen in .the East 
Indies. We had -an opportunity of seeing two of tfifcse 
comets, bat they were both invisible to the naked eye. 

In former ages,' the appeartfnce of/ a comet was viewed -as 
the forerunner of disastrous events, such as wars, famine, 
pestilence, the revolutions of nations and empires, the death 
of kings and princes, inundations, earthquakes, and similar 
calamities. But we need scarcely say that there is not the v 
least foundation for such apprehensions ;' for comets aite every 
year making their appearance to the astronomical observer, 
while both the physical and the moral world 'is moving on in 
its regular -course. The comets are, doubtless, messengers 
of the Deity sent forth to accomplish the designs he intended 
in their creation ; but we have not the least reason to behove 
that- they were ever intended to ** shake from their horrid 
hair" wars, famine, and pestilence upon the nations. Their 
destination, whatever, it may be, must be in full accordance 
with the benevolence of him whose ** tender mercies are over 
all his works.'* It has, indeed, been" apprehended by some 
that a comet in crossing the path of the eajrth, might happen 
to come into collision with it, and produce a shock which 
would shatter its present constitution, and prove destructive 
to its inhabitants. It is admitted that this* is a possible cir- 
cumstance,, though the chances- in favour of it r according to 
Arage, are only as one to 281^000,000. In France and other 
parts nf the European continent, in 1773, an apprehension of 
this kind- was excited, which was attended with many serious 
consequences. People of weak minds, it is saidy died of 
fright, and women miscarried. A simjjar alarm ;tras, pro- 
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duced far tSd&^wheur it was announced that the comet af 
Biela, on the 29th of October, would cyoss the pkne of the 
ecliptic at a point he&r where the earth would be-on the 30th 
of Npvembef following ; but before the eartfi arrived at that 
pemt, the comet was distant from it $0,000,000 of miles. All 
such forebodings. ,and > alarms , may be considered as entirely 
without foundation. * At least, the believer in Divine revela- 
tion has- nothing to fear* for he knows that the purposes of 
t£e, Almighty in respect to this world. are not, yet nearly 
completed, and that many of jbe most prominent predictions 
of inspired^ prophets are not yet accomplished. Wars must 
cease to the ends of the eaxfch. The .knowledge of Jehovah 
must cover the earth. The Jews must be converted to the 
faith <of Messiah. The kingdoms of this world must *' be- 
come the kingdoms of our Lord, and of his Christ," and 
righteousness and praise must spring forth before all nations, 
before a comet oisany other celestial agent shall be permitted . 
ta impinge upon our globe, or to alter its present constitu- 
tion ; and centuries must necessarily elapse before such ob- 
jects are fully accomplished. ^ 

Ab to the; destination of comets, or the purposes *hey are 
intended to sei;ve, in the economy of the universe, we are in . 
a greaX measure ignorant, as we are unacquainted with the 
nature and constitution- of these singular and anomalous bo- 
dies. But as they are^aJI the- ^workmanship of Him who is 
"wonderful in counsel, and excellent in Working," they must 
be intended to subserve important purposes in the system of 
creation* worthy of the perfections .of. Him .who is infinite in 
knowledge, who " established the world by* his wisdom, and 
hath stretched out the heaven by his understanding."- So 
many thousands, or even millions of these'Wafcing orbs, as are 
cpntinuaHy traversing the regions of the planetary system, 
were not created in vain. • The adjustment of their motions* 
and the .arrangement of their orbits, so aj not to interfere with . 
each,otlierrnor wkh the motions of the planets, is an evidence, 
of that Divine wisdom which is displayed throughout every 
part of creation. Thehumber of these bodies,', the vast mag-* 
nitude of their "blazing tails, and *he ftma?ing Velocity with 
which they move in certain parts of thefr erbitsv display the 
Almighty power of Him who at first set them in motion : and 
although we are partry ignorant of the ultimate designs they 
tare intended to accomplish, yet We .may rest assured that they 
form' a part of that plan of Divine beneficence, which ap«< 
pears a prominent object in all th$ works of God. There 
seems, no improbability in the supposition, that they are in^ 
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tended as habitation for various orders of intejfeetasJ beings, 
to whom the Almighty displays himself in a peculiar manner, 
different from that of the inhabitants of the planets* and whose 
.corporeal organisation is exactly adapted' to the nature and 
properties of .the world in which, they are placed. For we 
Jpave-every reason to believe that an infinite variety exists in 
the. universe, in respect both to the physical and mental con- 
stitution of the. intelligences it contains. 



CHAPTER VI. 

N THE ECLIPSES OP THE STJN AND* MOtUf. - 

The term eclipse is derived from * Greek Word, which 
signifies^ to be diminished, to faint away, to swoon, or to die. 
When the full moon, in her greatest lustre, is deprived of the 
beams ef the sun, she appears pale and languid, as if she were 
sick and dying. Hence the superstitious among the ancients 
imagined that the moon was in -pain at -such times, and there- 
fore lunar eclipses were called the labdurs of the naoqn ? and, 
in-order to relieve her in that fancied distress, .they were 
accustomed to hold up on high lighted torches; to How 
wkh horns and trumpets ; to make a loud noise, by beat- 
ing on vessels of brass and iron, to break, if possible, the 
enchantment t^at had fallen an the lunar orb. Before the 
true causes of eclipses were ascertained, those phenomena 
weire considered as supernatural^ and viewed with appre- 
hension and alarm. It was believed -that they were pro- 
duced by the- immediate interposition of God, as a token 
of his displeasure. When the sun was tetally eclipsed, it 
was imagined, by many of the ancients, that he turned away 
his -face, m abhorrence of some atrocious crime that had been 
committed* or was about to be perpetrated on* the earth, and 
threatened, mankind with everlasting night. When the 
"Medes and Persians, several* centuries before Christ, were 
preparing to enrage in furious combat, they were so alarmed 
at an eclipse, which happened at that time, that the warriors 
on both - sides iaid down their arms* and *entered inte a treaty 
ef peace. When the *n*eet of Pericles, the celebrated Grecian, 
was preparing to attack . Peloponnesus, there happened an 
eclipse of the sun, which was considered as a most unfortu- 
nate omen ; and the whole of the Athenian commanders and 
their men.were thrown into the greatest consternation. Such 
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fti<& should in^rtre tflrwiili ^ratitiftlaffer thfe adrt MUffi s we 
now fenjoy, in a land where science, is cultivated, and useful 
knowledge disseminated, arid where the light of Divine reve- 
lation has dispelled , the darkness and superstitions of the 
heathen/ woYia. 

Every planet and sateftfte is enlightened by the sun,' and, 
consequently yeasts a shadow towards the point of the heavens 
which is opposite to that luminary. An eclipse, therefore, 
is a privation of the light of the sun, or of some other heaven-. 
ly body, bjr the interposition of another v body between it and, 
our sight. Eclipses are either of the sun, or the moon, or of 
the satellite* which accompany some of the planets. In re- 
gard to circumstance's, they Are divided^ into total, partial, 
annular, and central. A- total eclipse is when the whole face 
of the luminary is darkened; a partial eclipse is one when . 
only a part of the' disk is darkened; an annular eclipse is 
when the whole is darkened except a ring, or annulus, which 
appears Vound jhe dark part like an illuminated s border. 
This can only happen in thercase of an eclipse of the sun. 
In a central 'eclipse, the centres' of the two luminaries and 
that of the earth are nj one and the same right line, as when 
in an eehpae the moon passes through the centre of jhe earthfo 
shadow; 

r / SEC I.-^-ON THE .ECLIPSES OF THE MOON. 

An eclipse of the moon is produced by the interposition 
of the earth between the auri* and moon, and, consequently, 
it can-only happen at the time of full moon, when the moon 
fe in opposition to the etuu As the'earth is an opaque body, 
enlightened by the" sun, it wiH oast a shadow towards ihoee 
portions of space which are opposite to the sun, and if the 
moon happen to pass- through those spaces where the shadow 
fells, she must necessarily «be .eclipsed. The sun and the 
earth are both spherical bodfes r «ni, therefore, if "they were 
Of an equal size, the shadow of the earth would be cylindri- 
cal^jas, inxfig. 64, an# wottld^continue of the same bwadth,mt 
all distances from *the earth* and would extend to an egual 
&ststoce, and might cause an eclipse- of the sun to the supe- 
rior planets, if the sun were lesa than the earth, the shadow 
would expand, and grow wider the farther it was from the 
earth, -as in fig: ^6; It would reach tfye ofcbits of Mass, Jupi- 
ter, Saturn, apd Uranus, and eclipse theni, when the earth 
Ittteiposed between them and the sun ; and these eclipses, in 
the case of the most distant planets, would be of long dura* 
'lien", on account of the shadow being -broader ib proportion to 
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die dfetance. Bat as sucb-eclifcses never happen, it forme a 
demonstrative proof that the sun is not leas, but. greater than 
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the earth. The sun* then, being mater than the earth, the 
shadow of the earth is a cone, which ends m a point at a cer- 
tain distance from the earth, as represented In fig. 56, This 
. cone reaches to a distance of 840,000 miles from the earth, 
or about three and a half times as long as4he distance of the 
moon from the earth. 

If the moon always moved in the plane of the ecliptic, she 
would suffer a total eclipse, at the time of -every full moon, 
by passing through the centre of the earth's shadow. But 
the' moon's orbit is inclined to the plane of the ecliptic, at an 
angle of 5° &, and coincides, w&h it only in two places, called 
the nodes, or the points where her orbit intersects the. ecliptic. 
Full moon, therefore, may frequently happen without an 
eclipse, as at this period the moon may be either to the north 
or the south of the ecliptic. ^ has been calculated, that if 
the mean opposition of the sun and moon, or the full moon, 
happen within 7° £7* of the moon's, node,, there must be an 
eclipse t but if * the disjanee be greater than 13* 2P, there 
cannot be an eclipse. Let h g, fig. 57, repfesent the moon's 
orbit, s r the plane of the ecliptic* and n the node of the orbit, 
or point where it cuts the ecliptic ; and A ft e i> four repre- 
sentations of the earth's shadow in the-ecliptic. It is obvious 
that when the shadow is at a, and the moon at i, there Will 
be no eclipse, because the moen is tooiar from tjie node, and 
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the earth's sfcaftow does ngt reach her. When the full moon 
is nearer tcf the node, as at r, only a part of her disk passes 
througli the shadow, when she suffers a partial eclipse. 
When the full moon is at l, she passes through a portion of 
the shadow, and is totally, eclipsed. When the moon's cen- 
tre passes through the centre of the shadow, which can only 
happen when she is iw the node at k, it is then both a total 
B and a central eclipse ; and such an eclipse is~o£ the longest 
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duration — at which time the totat darkness continues ah6ut 
two hours.. 

Fig. 58 represemf , in a different point of view;; a total 
eclipse .of the moon. The circle a b c represents the orbit 
of the moon, hv which it devolves round the earth. The 
moon is supposed to. be in the node, and in her opposition to 
the sun—r«he therefore passed through the centre of the 
earth's shadow. And as the shadow of the earth is nearly 
6000 miles broad 'at the distance" of the moon, and as the 
moon is only a little more than ,2000 miles m diameter, she 
must be completely immersed m the shadow of the earth 
and must move nearly three times her own diameter before 
*he can emerge from the shadow. ^ 

The following fads may be stated in relation to lunar 
eclipses: — L An eclipse of the moon always begins on the 
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moon's eastern side; and goes off on her western side. & 
Lunar eclipses are risible m aH parts of the earth which have 
the moon above their horizon, and are everywhere of the 
same magnitude and duration. £• The moon's diameter is 
supposed to be divided into twelve equal -parts called digits* 
and as many of these parts as at* darkened by *he earth's 
shadow, so many digits is the moon said to be eclipsed. The 
extent in which the moon is eclipsed above twelve digits* 
shows how far the shadow of the earth is over the body of 
the moon on that edge to which she is nearest at the middle 
of the eclipse. 4. The moon, when totally eclipsed, is not 
invisible, if she be above the horizon and the atmosphere 
clear; but appears generally of a dusky colour, somewhat like 
tarnished copper, especially towards the edges, -being gene- 
rally more dark about the middle of the earth's shadow. Some 
have supposed this to arise from the moon's native light, but 
the true cause of her being visible is, the scattered beams of 
the sun bent into the earth'* shadow, by passing through ka 
atmosphere. The moon is not eclipsed by the- earth alone ; 
the atmosphere, by refracting some of the rays of the sun, 
and reflecting others,. casts^ a shadow, though not so dark a 
one as that which arises from an opaque body. . Although 
in most lunar eclipses the body of the moon, though obscured, 
is still visible, yet it has sometimes happened otherwise. 
Hevelius mentions, in his " Selenograjmia," an eclipse of the 
moon which happened in August, 1647, when be was not 
able to distinguish the face of the moon even with a good 
telescope, although the sky was sufficiently clear for him to 
see stars of the fifth magnitude : but such cases are rare. 

The duration of a lunar eclipse depends on the following 
circumstances: — 1. On the largeness of the circle of the 
earth's shadow, whose diameter may be different- at di fife rent 
times ; the nearer the moon is to the earth, the larger is that 
portion -of the earth's shadow through, which she .passes. 2. 
On the apparent diameter of the moon, which mayHbe different, 
on account of her variable distance, as she moves in an ellipu* 
cal orbit. 3. On the distance of the moon from her node at 
the moment of her being full, which wilj ca^ise her to p*ss 
through a greater, or less, portion of the' earth's Shadow'. 
Thus. when, the moon is at k, fig. fiT, the eclipse will be of 
comparatively small duration ; when at l, its duration will be 
much longer, hut not so long as when she is at ,n, in the node, 
when she passes through the centre of the shadow. 4; On 
the velocity of the moon's motion across the shadow of the 
earth, which Js swiftest when she is in perigee, or nearest the 
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earth, and the duration of a central eclipse- will then be 
shortest. \Accojdihg to these; circumstances will be the time ' 
of continuance; of a lunar eclipse, When the moon is centrally 
eclipsed, and when she, is at her greatest distance from the 
earth, its duration is 3 hours, 57 minutes, 26 seconds, from 
beginning to end: and when she is* -at her least distance, 3 
hours, 37 minutes, 26 seconds. The moon may T>e totally 
eclipsed, although she do not pass through the centre of the 
shadow; but in this, case the duration of the eclipse will be 
shorter than what has been now stated. In some instances, the 
continuation of total darkness may amount only to a few min- 
utes, when the moon passes near the extremity of the shadow. 

SEC. II.— tON ECLIPSES OF THE SUN. 

An eclipse of the sun is caused by the interposition of the 
body of the moon between the sun. and the earth, when she 
throws a shadow over a certain p6rtion*of the earth. Thfecan 
happen oply at the time of new moon, and- when the moon is at 
or near one of her nodes. The eclipses of the sun and moon, 
though expressed^ by the same word, are in their nature very 
different ; the sun> in reality, loses nothing of his native lustre 
in- the greatest eclipse , but is all the whine, diffusing streams 
of light around him in every direction, and illuminating with- 
out intermission aH the bodies in the planetary system. Some 
of these streams,, bowever^are occasionally intercepted in their 
course towards the earth by the moon coming between the 
earth and sun, and al that time the dark s<de of the moon.is 
turned towards the *arth. When the moon is eclipsed, she 
suffers a real dimmjtfion of her borrowed light; but when the 
sun is said tojbe. eclipsed, there 4s no diminution of his light, 
and it is in reality an eclipse of the earth by the shadow of 
the moon falling -upon a certain portion of our globe; and 
this shadow, would be distinctly seen, by an inhabitant of the 
moon, passing along* a certain zone of the earth, like a small, 
dark, circular spot! The.moon being much smaller than the 
earth, and having a Conical shadow — because she is less than 
the sun— can cover only a . small part of the earth by her 
shadows hence.- an eclipse of the sun is visible only to, a few 
inhabitants of the earth, whereas an eclipse of the moon is 
visible to aU who are on that hemisphere, where the lunar 
orb" is seen* \ 

The following diagram, fig. 59> will convey a general idea 
of the nature of an, eclipse of the sun. In this figure, s re- 
presents, the sun ; iMfce moonf e, the earth ; and vno, the 
orbit of the moon. The moon is supposed to be in that part 
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of its orbit next the ran, having the enlightened side towards 
the sun, and its dark hemisphere wholly turned towards, the 
earth, which is its position at new moon. It is also supposed 
to be in its node, in an exact line between the sun a*nd the. 
earth. In this situation the shadow of the moon foils upon a 
certain portion of the earth, and intercepts the rays of the sun, 
for a little, from the inhabitants of the earth on whom the 
shadow falls* Part of the cone of the shadow is represented 
at a b, and it is never more than about WO miles in diameter, 
within the limits of which the sun wHl appear totally eclipsed. 
But sometimes.it happens- that the extremity of the cone of 
the moon^s shaddw falls short of thfe earth, in which case an 
annular eclipse of the sun Is produced; in wnich the sub ap- 
pears like a brilliant ring- of light around the dark body of the 
moon. Besides the N dark shadow, there is a penumbra or 
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fainter shadow produced, which is represented at tfif/ and 
in atf those parts- where the penuriibra falls/ the sun. will be 
only partially eclipsed. Thus; betweeri c and «, the, parts of 
the sun about a b cannot be seen ; the rays cdanrngfrom 
thence towards c or a being intercepted by the moon ; but the 
portions of the sun about o and h will be visible. The nearer 
any place of the earth— ^within the penumbra^-is to the- dark 
shadow of the moon-, the greater will the eclipse appear, and 
the nearer it irf to the outside of the penumbra, the smaller 
will be that portion of the. sun which is seen eclipsed. To 
those who live beyond" the boundary of 'the penumbra, the 
whole disk of the feun will be seen' arid no eclipse will be 
visible: Hence it happens, that the sun may be totally 
eclipsed' in Africa and the southern parts of Asia, and no 

w trace of ^n eclipse perceived, at the same moment, either in 
IJritam or .America, - - 
. The following are some facts in relation to solar eclipses :— • 
l.ff the mean conjunction of the sun and moon takes place 
within 15 degrees of the moon's node, there must be an 
eclipse of the sun ; but if the conjunction' happen at a greater 
distance from the node than 2(1 degrees, there can be no- 
eclipse. Therefore, between K> ^degrees and $i degrees 
there may, or may not be, ah eclipse. * 2. The penumbra 
covers a space of 4900 miles' in diameter, within which the 
aun wiH appear niore or less eclipsed. 3/ The motion of the 
•moon's shadow^ birer the earth's surface is equal to her motion 
in her orbit, which is about &2(X> miles in an hour ; a velocity 
four times as great as that of a cannon ball. 4. The^ number 
of eclipses in any' year cannot be less than two, and those 
both of the sun ; nor can they be ever more than seven :- in 
whicti case there will be five of the sun, and two of the moon, 
and the moon's eclipses wilt be total. The usual number ia 
fbur in, a ye^ar, two at each node, and nearly half a year in- 
tervenes hetween the two sets of eclipses. 5. The sun is 

J never totally eclipsed longer, than about four ihinutes, but the 
moon fnay be immersed hi the earth's shadow, or totally 
eclipsed, about 1 hour- and 48 minutes. 6. EcHpses of the 
sun ate more frequent tfyan eclipses of the moon, because the 
ecliptic limits of the sun are greater ; but we have more vi- 
sible eclipses of the moon, because they are seen to the whole 
hemisphere next her ; while eclipses of the aun only are vi- 
sible from a very small portion of the earth's surface* 7. An 
Eclipse of the sun begins on the western sideband ends on the 
eastern. .•"'." 

Periods of McKpaes.—b has been found that in 38S meaa 
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lanatioas, after the awn, moon, and nodes have been once in a 
line of conjunction, they return so nearly to. the some state 
again, that the same node which was in conjunction with the 
sun and. moon, at the beginning 0/ the first of these Junationsy 
will be within less than half a degree of a line of conjunction 
with the sun and moon again, when the last of these lunations 
is completed. Therefore, in that time, there will "be a regular 
period of eclipses for many ages. In this period there are 
16 Julian years, 11 days, 1 bouts, 42 minutes, 31 seconds; 
when the last day of February in leap years is four times in-, 
eluded* Consequently, if to .the mean time of any eclipse, 
either of the sun or moon, we add the above period, we* shall 
hare the mean time of the return of the same eclipse. During 
this period, there happens about 62 ecfcpses, 21 pf the nioon 
and 41 of the sun. ifc then, we wish te know the mean time, 
of an eclipse for any year, we have only to seek in old al- 
manacs the exact tune thai any eclipse may have happened 
16 years before, and add to such time the above-mentioned 
period. 

From what has been now stated respecting solar ecKpses^ 
ii is evident that the darkness which accompanied our Sa- 
viour's crucifixion must have been supernatural. For it 
happened at the time of the Jewish passover ; and that fes* 
tival, by the appointment of the Iaw,;was to be celebrated at 
fell moon, at which time it was impossible that the shadow 
of the moon could fall upon the earth, or the^sun be eclipsed, 
according to the established laws of nature. Besides, in a 
total eclipse of the sun, the time of the continuance of total 
darkness is not more than about four minutes; but the dark- 
ness which overspread " the whole land" while our Redeemer 
hung upon the cross, continued without intermission for more 
than three hours. And again, although the sun had been totally 
eclipsed in a natural way, at that time, to the inhabitants of 
Jerusalem and its confines, it would have teen only partially 
eclipsed to those wao dwelt on the outskirts of the land of 
Judaea; as the shadow of the moon, in an eclipse of the- sun, 
covers only a small part of the earth's surface at one time. 
In confirmation of what has been now stated, it has been cal- 
culated by some astronomers, that an eclipse of the moon, 
which can only take place at the time of full moon, happened 
on the afternoon of that day on .which our Saviour was cru- 
cified; so that according to the language of the prophet/ 
"The sun and the moon were both darkened in their habita- 
tion," at the time when this solemn and interesting event was 
accomplished. * 
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Total eclipses o£ the sun have always been considered aa 
remarkable event*,; Clavinaferoarka, that at the total eclipse* 
of the sun which happened in 1560, the darkness WCoimbra, 
in Portugal, was greater, or at least more striking than thai 
of the night,. and that the biftis fell to the earth through tenor* 
At Berne, in Switzerland, on May ly 1706, the sun was 
totally darkened for four minutes, during which tirne a fixed 
star and a plana! appeared very bright. The sun's passing 
out of the eclipse war preceded by a Wood-red streak of light 
frpm his left lunh, which continued about 6 or 7 seconds; 
then part of the sun's -disk appeared all, en a sudden brighter 
than Terms was ever seen in the night,— ^and in that instant 
gave light gftd shadow, to objects as strong as the moonJigni 
generally does. One. of the meal minute accounts of the cir- 
cumstances accompanying^ a total eclipse of the sun is that 
which is mven by Dr. Stukeley^of the eclipse which hap- 
pened in 1724, in a letter to Dr. Halkyf of which the fol- 
lowing is- an abridgment :-*• ; 

" I. chose for my station, Haradon-hill* near Amesbury^ 
east from Stonehenge avenue,. In front is that celebrated 
edifice upon which I knew that the eclipse would be directed. 
1 had the advantage of a very extensive prospect in every di- 
rection, being on the loftiest hill in the neighbourhood, arid 
that- nearest to the centre of the shadow. I had two men in 
company -wr^o looked through^ smoked glasses* The sky, 
though overcast, gave -out some straggling rays of the sun 
that ^enabled us to see around us. It was half-past hVe by 
my watch when they informed me that the eclipse/was begun. 
We Watched' ks progress by the naked eye, 'as th£ clouds 
performed for us the service of coloured glasses. At the 
momenl>wheti th6 sun was half obscured, a very evident ch> 
cular rainbow formed at its circumference with perfect colours. 
As- the' darkness increased we saw the shepherds on aH sides; 
hastening to fold their flocks, for they expected a total -eclipse 
of an hour slid a quarter duration. When the sun assumed 
|he appearance of the new moon, the sky was tolerably clear, 
but it. was soon covered with deeper clouds. The rainbow 
then vanished ; the hill grew very dark, and on each side the 
horizon/ exhibited a blue tint hie that at the close of day, 
Scarpely had we thne to count ten, when Salisbury spire, six 
miles -to the south, was enveloped in darkness. The hill dis- 
appeared entirely, and the deepest night spread around us. 
We lost sight nf the sun,-whose place till then we had been 
able to distinguish in the clouds, but whose trace we -eeuld 
bow no more discover than if it had never existed; It was 
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bow 85 minutes past six; shortly befcreruhe sky and the 
earth had returned a livid tint ; there was also much black 
diffused through the clouds* so that the whole picture pre- 
sented an awful aspect that seemed to announce the- death of 
nature. 

" We were now involved in a total and palpahie darkness.* 
It came on rapidly, hut I watched so attentively that I could' 
perceive its progress. It came upon us like a great dark 
mantle thrown over us. The horses we held by the bridle 
seemed deeply struck by it, and pressed closely toxis with 
marks of extreme surprise. As well as I could perceive, the 
countenances of my friends were a horrible aspect. It was 
not without an involuntary exclamation of won4er, I looked 
round me at this moment ; I distinguished colours in the sun* 
but the earth had lost all its blue* anil was entirely black. A 
few rays shot through the clouds for a moment, but imme- 
diately afterwards the earth and the sky appeared totally 
black. It was the most awful sight I had ever beheld in my 
life. North-west of the point whence the eclipse came on, it 
was impossible to distinguish in the least degree the earth 
from the sky, for a breadth of 60 degrees or more. .We 
looked in vain for the town of Araesbury, situate below us ; 
scarcely could we see the ground under our feet. All th* 
chance I could perceive during the totality was that the hori- 
zon by degrees drew into two parts, light and dark; the 
northern hemisphere growing^stiU longer, lighter, and broader, 
and two opposite dark parts uniting into one, and swallowing 
up the southern enlightened part. 

"At length, upon the first lucid point appearing in the 
heavens where the sun was, I could distinguish pretty plajnjy 
a rim of light running alongside of us, a good while together, 
or sweeping by our elbows, from west to east ; just then, 
having good, reason tQ suppose the totality ended, I found it to 
be fall three minutes and a half. The hill-tops then resumed 
their natural colour, and I saw no horkon at the point pre- 
viously occupied by the shadow* My companions cried out 
that they again saw the steep hill towards which they had 
been looking attentively s, Presently we heard the song of the 
larks hailing the return of light, after the profound and uni- 
versal silence in which every thing had been plunged. The 
heavens and the earth now appeared of a grayish cast,' inter- 
spersed with blue, like the morning before sunrise. Aarsoon 
as the sun appeared, the clouds grew denser, and for some 
minutes the light -did n6t increase, as happens at- a cloudy 
sunrise. 'The instant the eclipse became total, till the emer* 

Digitized by LjOOQ IC 



ECLUflBS OF «SE SUN. if0 

siondftfee «oa, we saw Vemis, but no other state, We per- 
ceived at this mom opt the spire of Salisbury Cathedral. The 
presence of the clouds added much to the solemnity of the 

. spectacle, incomparably superior, in my opinion, to the eclipse 
of 1715, which rsaw-^peiiectly from the top of Boston steeple, 
when tie sky was ^very clear. There, indeed, I saw the two 
sides of die shadow, coming from afar, and passing to a great 
distance behind us; but this eclipse exhibited great variety, 
and was more awfully imposing. So deep an impression has 
this spectacle made on my mind, that I shall long be able to 
recount alHhe circumstances of it with as much precision as 
new*" . , ?. '■ . - 

- There have been no total eclipses, of the sun in Britain, 
since -those of, 1715 arid 1724, nor will there be one visible 
Jiere during the present century^ The first total eclipse in 
England will happen on the 3d of February, 1916, The 
.most remarkable solar eclipses for the next half century 
are those of March 15, 1858, and August 19, 1887.. The 
last total eclipse of the sun visible in Europe, happened on 
July 8th, 18^2; of which the following account is abridged 
from the Atherjsum : , ' , 

^ ** Vienna, July 8, 1842.— -The eclipse, the object of our 
journey to Vienna, was wortji geiag-any distance to see. No 
partial- eclipse, .however considerable, can give the faintest 
notion of what a total one is.' All Vienna was*jn expectation 
for many days previous to the event, and strangers flocked to 
that capital in crowds to witness that phenomenon* The 
celebrated astronomer, Schumacher, came all the way from 
Denmark, on purpose to see the eclipse, with astronomical 
eyes. ' At four in the morning, I beheld the ctear rays of the 
sun, shining opposite my window, while the general appear- 
ance of- the sky indicated a favourable concurrence of circum- 
stances. "Soon after five, I was on my. way to the Botanical 

- Garden, arid already the ramparts of the city were thronged 
with multitudes, Abo/Ut £en minutes before six the first spot 
of darkness was observed upon the sun.- Erom that time till 
the total obscuration, there was no very unusual appearance. 
'J^he sky, about half an hour before the commencement of the 
eclipse, became somewhat obscured by vapour, and blue mists 
arose increasingly from the- horizoni A perceptible dullness 
crept into, the air, and flights of swallows flew wildly ancU 
restlessly through the darkening atmosphere ; but as long as 
the smallest portion of the sun was visible, there was consi- 
derable lighf. But now approached the -important Tnoment. 
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A heavy bell tolled at interval* from -fee cfty,4flEe the funeral 
knell of our beautiful orb of light and life, and the sharp shrill 
cries of the birds, which had disappeared, as if to take refuge 
from some impending convulsion of nature. Yet.a^moment, 
and on a sudden, an effect took place, unexpected and sublime. 
The whole aspect of heaven and earth underwent a change^ 
with regard to light, colouring, every thing ; and the instant 
that preceded the total eclipse, resembled in nothing, and 
gave no idea of that which followed it. 

" Round the bkck sun was an irregular halo of whitish 
light, defining clearly and strongly the obscured orb.' In 
some places, this halo extended into longer gleams, forming 
altogether a faint glory. It was not so generally dark as I 
had supposed it would have been, — but the sudden diminu- 
tion of light, at the moment of total obscuration, was sudden 
and startling. Also the sudden diminution of temperature, 
the thermometer falling 11 degrees instantaneously upon the / 
complete immersion of the sun. One of the most striking ' 
and unexpected effects, was a red and lurid glow, ^hat- 'sud- 
denly kindled upon the horizon ; the blue .pale vapour that 
had risen from the east, being converted into the semblance 
of a mighty conflagration. The principal light in the land* 
scape came from thence, no longer from the sun: The rest 
of the atmosphere was of a sickly greenish tinge, overcast 
with duskiness, through whose spectral tints the crowds 
upon the ramparts were dimly discerned, all standing in 
solemn stillness, like the vast shadowy multitudes itt one- of 
Martin's pictures. 

44 The number of stars visible during tbis> eclipse, at Per- 
pignan, according to,Arago< was only teip. The number was 
greater at Montpelier and Milan. Its effect upon animals was 
remarkable. One of the- friends of Arago had $ve healthy 
linnets in a cage, three of which died during the sudden 
darkness of the eclipse. Oxen formed into a circle, with 
their horns thrust forward, as if to repel an enemy." At 
Montpelier ;bats and owls * appeared, sheep lay as if for the 
night, and horses fn the fields were in, terror. M. Praise* k 
naturalist, relates that a swarm of ants, in full march, stopped 
Short tft the moment of occultation, when the darkness was 
nearly at its height."* " -. , 

■* The following table contains a statement of the principal 
solar eclipses during the present century :— v .- 
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In the above table, the eclipses marked with an asterisk 
tire calculated for Xhe meridian of iWis ; all the others art 
calculated for the middle of England. 

. Eclipses are not only striding and interesting phenomena 
of nature, hut are ^f> considerable advantage and utility. In 
the first place, from an ecfipse of the moon we derive one 
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conclusive argument to prove the globular figure of the earth, 
from the circular shape of Jie shadow of the earth in a lunar 
eclipse. 2. Eclipses of the moon prove that the sun is larger 
than the earth, because the shadow of the earth shortens in 
its breadth as it retires from the earth, and at length termi- 
nates in a point, which it could not* do if the sun were smaller. 
8. They also prove that the 'earth is larger than the moon, 
because the whole of the moon's body is sometimes involved 
in the earth's shadow, and a section of this shadow at the 
moon is much less than the earth itself. 4/ The longitude 
of places may be obtained by eclipses to a great degree of 
accuracy. An eclipse commencing at the same moment of 
time to all places at which it is visible, the difference in the 
observed time at any two places will give the difference of 
longitude between- the places. 5. Eclipses have lent their 
aid in settling the. precise date of ancient, historical events. 
For if near the time of any memorable event recorded in his- 
tory, a remarkable solar or lunar eclipse be also recorded, we 
may know whether the real time of this evenljbe rightly de- 
termined, by calculating backwards, and ascertaining whe- 
ther any remarkable eclipse happened near the period sup- 
Eosed. For example, Thucydides relates that a solar, eclipse 
appened on a summer's day,, in the afternoon, in the first 
year of the PeJoponnesian war; which eclipse "was so great 
that the stars appeared. This is stated in modern authors to 
have been in the year 418 before Christ, and' by computation 
it appears that on the 3d of August in that year, there was 
a great solar eclipse, which passed over Athens about six 
o'clock in the afternoon ; which therefore corroborates the 
decision of chronologers. 



CHAPTER VII. 

ON THE SEASONS, AND THE DIFFERENT LENGTHS 07 
„ DAYS AND NIGHTS. 

We formerly had occasion to state that the ^eartk revolves 
round ts axis every $i hours, and round the sjih in abeut 
365 days and nearly 6 hours. These motions are intimately 
^connected with the different lengths of days and nights, expe- 
jripiced in almost every region of the globe, and with the sea- 
tens which iivewify the different portions of the. year. \ « 
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The constant succellsion of day and night— thou gn so com- 
mon as to be almost unheeded— is ih reality a very wonder- 
ful operation Of the- Most High. When, after a dark and- 
tempestuous night, jhe sun first appears in the 'uncleudeoV 
horizon, ail nature appears animated by hia presence. The 
magnificent soen6 of creation, which a' little before was in- 
volved in obscurity, opens' gradually to view — and every ob- 
ject around has a tendency to excite sentiments of delight arioV 
adoration, if man were disposed to contemplate the wfcrks of 
his Creator with intelligence and pious emotion. The heavens 
are adorned with azure, the clouds are tinged with the most 
levely hues, the flowers expand their buds, and put forth 
their colours ; the birds awake to fnelody, and the insect 
tribes are on their wing, all rejoicing in the light of the lumi* 
nary of day. The curtain of darkness is likewise removed 
from the abodes of men, which Were previously obscured, 
and: we behold- the cities, towns and villages, the lofty domes, 
the glittering spires; and the palaces and temples with which 
the landscape is adorned.' After a night of darkness and tem- 
pest, such a scene appears almost like a new creation. The 
sun, after moving in al} his brightness through the canopy of 
heaven, is again hidden from out view in the western region 
of the sky, and we are then presented with a scene still more 
wonderful and sublime: the moon rises in unclouded ma- 
jesty — the planets 'are bteheld moving in their different 
courses, and an innumerable host of stars, spread over the 
whole concave of the firmament, diffuse their radiance from 
afar. Such a spectacle, during, the, silence of the night, fills 
the contemplative mind with solemn thoughts, and with sen- 
timents of wonder afnd delight, and has a tendency to raise 
the soul to a consideration of the Great First <5ause, «« by 
whom the heavens Were made."' % 

in the course of the annual revolution of -the earth round 
the sun, the inhabitants of every country, and of every clime, 
experience^ though at different times, all the variety of the 
seasons, and the different lengths of days and nigfets with 
which thev are accompanied. £[pririg, summer, autumn, and 
winter, follow each other in constant succession, diversifying 
the scenery of nature, and distinguishing the different perioda 
of the year. In the present constitution of the earth, and in 
the present state of man, this' vicissitude of seasons is attended 
with manifold advantages both to the human race and to the } 
other tribes of animated nature, and is necessary towards 
bringing to maturity the various productions of the earth. 
During o*e*half oT the year, from March 21, to43eptembeT 83, 
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the regions of our globe within the north polar circle enjoy 
their tummer, and part of tjieir spring and auturua. At the 
north pole, the sun shines six months without intermission t 
and from 66i degrees- of north latitude, the inhabitants of 
these climes enjoy a length of day varying from $1 hours ft 
six months; — the nearer the pole, the longer is .the day. In 
Greenland and Davis* Strait*, our whale fishers enjoy, during 
the greater part of the time they ace employed in those re* 
pons, an almost uninterrupted uay of three or four months 
m length. Dm ring the" same time, the inhabitants of the. 
antarctic circle around the southern pole, are altogether de* 
prived of the sun, and shrouded in darkness, till the 2?d of 
September; when he again appears, on the verge of' their 
horizon. These countries, within the polar circles, may be 
considered as having only two seasons— -summer and winter* 
They have a summer of about four months, during which the 
days are very long and the heat considerable^ TJjie rest e£ 
the year may he considered as winter : '-for so rapid is the 
transition from heat to extreme cold, and from coW to heat, 
that spring and autumn are scarcely •perceptible. It is only 
in temperate climates that four distinct seasons are parties 
larly distinguished and enjoyed. In such climates, in spring* 
plants have time to shoot, and grow insensibly, without being 
destroyed by late frosts, or too much hastened by early heats* 
In summer, the heat gradually diminishes ; so that the fruits 
of autumn have time to ripen by degrees, without being hurt 
by the winter colds. Throughout most of the* European 
countries, particularly in Italy, and the south of France, these 
four seasons are distinctly perceptible. In the warmest 
countries too, as well as in the- coldest, there may be said to 
he only two seasons, that materially differ from each other * 
as in the tropical climates, about the centra] parts of Africa, 
and the -southern regions of Asia.. In auch -countries, there 
is a dry and scorching season, during seven or -eight months, 
till the rainy season commences, which continues generally 
four or %e months ; and this is the chief distinction, between 
their summer and winter. • * , 

Every season of^ the year is characterized by its pecuhaj 
phenomena and elects. Spring is characterized as the sea* 
son of the renovation of nature after the gloom and torpor of- 
winter. At this period, animals and vegetables feel the in* 
fluence of returning warmth, and prepare for the continuance 
and increase of their several species. The-pkntg and flowers, 
which were hid i^ winter, as soon as genial showers refresh 
t>e soil, emerge from the ground, and begin & tfisfiay the% 
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beauties. As the sun rises higher and higher above the 
horteon at noon, and the heat increases, the larger vegetables., 
shrubs and trees, unfold their leaves, and the wingefd tribes 
begin to build their nests, and to "sing among the branches." 
The landscape begins to be adorned with a lively green, in- 
terspersed with flowers of various hues, and all nature appears 
in ceaseless activity. In this season, abbut the 21st of March, 
the sun "crosses, the equinoctial; when the days and nights 
irre equal over all the globe, and the north polar regions, 
which were previously involved . in . darkness, how .begin to 
feel the light and genial influence of the sun. The approach 
of spring and, i$s progressive advances, fill the hearts of all, 
the mendicant as weB as the monarch, with hope, and un- 
mixed joy and satisfaction ; for this season affords us a thou- 
sand new delights. It charms us with the beauty and per- 
fome of flowers $ the songs of the winged tribes; the length 
of the day rapidly advancing ; and the preludes of approaching 
summer, iind the pleasures of rural excursions. 

Summer has generally been considered, on the whole, as 
the^nost delightful season of the year. Every object is Jhen 
clothed in renovated beauty and gladpess — the winter snows 
are completely* melted from the hHls ; the trees are bursting 
with leaves ;; the flowers are painting themselves with every 
variety .of colour, and every thicket, and every hf}l ring with 
the modulations of various>notes— every thihgin the animal 
and vegetable world now appears in a progressive state 
towards maturity, and the insect race seem animated with 
peculiar vigour and activity under the more direct influence 
of the sun. At this time, (about the 21st ef June,) the sun 
rises highest in his meridian cdurse, the^heat inoreases, the 
day is at the longest, the night consists" only of a few hours 
of twilight, and the rising sun is accompanied with peculiar 
sublimity and splendour. The fleecy clouds are painted with 
purple* and vermilion, the mountarn-tops are fringed with 
radiance, and Svery object On the face of nature displays its 
peculiar form and beauties. This season, too, is sometimes 
distinguished by excessive heats,, which produce languor and 
inactivity, and ^sometimes the sky is covered with dark and 
lowering clouds, when, on a sudden, the forked lightnings 
flash,*and the thunders roll in awful majesty, along the *ky, 
appalling the timorous mind and producing terror among the 
tribes of animated nature* ', 

Autumn is the season- when the fruits of the earth are 
brought to- maturity, to supply the wants of man- and beast. 
The silent and gradual progress of maturity is- now completed, 
1 ,16* 
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and the promise of spring fulfilled. The fields .are covered 
with a golden harvest, the reapers in joyful groups are cutting 
down their sheaves, and the productions of the earth are ga- 
thered, into the gamer, to he stored up as provisions for the 
coming year. In every garden and orchard, delicious fruits 
of various hues are seen hanging on the branches, to gratify 
the eye, the palate, and the imagination, and presenting a 
specimen of the superabundance of Divine goodness in pro* 
viding such a variety of comforts for the human family, 
"Oh that men. would praise -the Lord for his goodness* and 
for his wonderful works to the children of men."-*- For He 
crowneth the year with his . goodness, his " paths drop fatv 
ness:— the little hills rejoice on every, side. The pasture* 
are clothed with flocks ; the valleys also are covered over 
with corn ; they shout for joy, they also sing." Towards 
the close of this eeason r the objects of the vegetable creation 
begin to lose their bloom and their beauty. The groves lose 
their leafy honours ; the gaudy flowers disappear ; and nature 

E its on a more bleak, and sombre aspect. But before, the 
rests and t}ie groves are stripped of their beauty* they as- 
sume a temporary splendour superior to even the verdure of 
spring, or the. luxuriance of summer. Tpe everchanging 
hues of the leaves of the trees, melting into every soft .grada- 
tion of colour and.-shade, have long engaged the imitation of 
the painter, and in some measure enliven the gloom of the 
falling year. During this season, (on the 23d of September,} 
the sun crosses the equinoctial, in his course towards the 
south. He then sets to the north pole, and begins to' diffuse 
his rays on the south polar regions; where, sparing now .com 
mences ; and during all the period which intervenes from this 
time, till the 21st of the following March, <he sun shines with- 
out intermission around the southern pole.: - . 

Winter succeeds autumn, and completes, the circle of the 
seasons, in our northern- latitude. The. thickening fogs, the 
heavy rains, the hail shower*, and the descending snows, 
now begin to deface the beauties of the rural landscape. The 
melody of birds is seldom heard in the groves ; the floors 
lie, dead, and their beajjties defaced ; the trees are lasbed by 
atotms, stripped of their verdure, and spread their naked anna 
to the ruthless winds. The vapours sometimes thicken into 
an impenetrable gloom, and obscure the face of the -sky. The 
rains descend in torrents ; (he brooks swell, the rivers burst 
their banks, and bury the meadows under a soaking deluge. 
The atmosphere is now and then hurled into tumultuous con- 
fusion, and every thing trembles J>efare the furioua blast Thjf 
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trees of the forest are dashed headlong to the ground, and the 
shepherd's cot carried aloft in the air, or shattered in pieces* 
The oeean swells withViolent commotions, and tosses its waves 
ttfwafds the clouds. Ships are dragged from their Anchors, 
and are whirled about aa stubble along the vast abyss, and 
some of them plunged into the open gulf, with all their mari- 
ners, to rise no rhore. Such arensome of the aspects and deso* 
lations of stern winter.' But it iaalso accompanied with nu- 
merous benefits to mankind. The frost and cold which white? 
produces, present many hurtful vapours in the higher regions 
of the^atmosphere from falling upon us, and purify the air # 
from noxious exhalations. Far from being prejudicial to 
health, they often improve it, and prevent the humours from 
"that putrefaction which heat might produce. Cold has a ten- 
dency to brace the animal system, and to promote the circu- 
lation of the blood. When the fields and gardens are covered 
with snow, this is necessary to, preserve them from the cold, 
and to prevent the grain from corrupting*. The earth ro- 
quires repose, after having yielded in summer all that we re* 
quire for our subsistence during the winter. : While Jhe cold 
continues, the means are at. hand for procuring artificial heat, 
by the abundance of coals and, .wood which the Creator has 
provided. - During* this season, too, we enjoy the most bril- 
liant and interesting views of the -starry heavens, of the 
planets in their courses, and of , the moon f* walking in bright- 
ness." So that in every season, we have abundant evidence 
ef the goodness of our bountiful Creator, and of the tender 
care he exercises oveV every portion of the human family* 
During the middle of winter the days are shortest ancUhe 
nights the longest. This h£ppfen£ more particularly about 
the 21st of December, when the sun, in our latitude, rises 
ntear the south-east, describes* a short curve a little above the 
Southern- horizon, and sets near the^south-west, after having 
remained only seven or eight hours above the horizon. 

It is here -worthy of remark, that all the diversified phep 
nomena of the seasons, and *he different lengths of days and 
nights throughout the year, are produced by the operation of 
a few apparently simple principles. In all the operations of 
Che Almighty, we find that the most diversified and astonish-. 
ing~ effects are produced by causes that are either unheeded, 
orby agents winch, to our limited view, appear altogether 
inadequate to produce the results. From the simple princi- 
ple of gravitation, for example, proceed all the beauties and 
sublimities which arise from the meandering rills, the majestic 
rivers, and Ike /roaring cataracts; it causes the mountains^ 
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rest on a solid basis, and confines the ocean to its appointed 
channels; it produces the descent of the rains, and dews, and 
the alternate flux and reflux of the tides f it rolls the moon 
round the earth* and prevents her from flying off to the dis- 
tant regions of space ; it extends its influence from the earth 
to the moon, and from the sun to the remotest planets— pre- 
serving surrounding worlds in their proper courses, and con- 
necting the solar system with other worlds and systems in the 
remote spaces of the universe. From Jhe minutest atom to 
the Tast luminaries of heaven, every thing is subject to its all- 
i powerful influence ; and from this active invisible agent pro* 
ceed all the order, beauty and variety, which distinguish the 
works of creation. Thus* also, the principle called electricity 
•—which manifests, itself in sparks of fire, when a glass tube 
is rubbed in the dark— is found to be the cause which pro- 
duces the lightnings of heaven, and alljhe sublime phenomena 
which accompany a violent thunderstorm $ and in combination 
with other agents, produce* likewise the fory meteor which 
sweeps through the sky with its luminous train, and jthe 
beautiful coruscations of the aurora borealis. 

In Hke manner the vicissitude of day and night and the 
revolution of the seasons apd.tbeir diversified' phenomena, 
depend on the most simple pripciples and arrangements. The 
alternate succession of day arid night is occasioned merely 
by the uniform rotation of the earth upon its axis. As out 
globe turns -iqund on this imaginary line every 24 hours, 
and as only one-half of a globe can be illuminated at a time, 
it is evident that any particular place will sometimes \>e 
turned towards the sun, and sometimes opposite to i\ ; and 
being thus constantly subjected to- these .various positions, a 
regular return of light and darkness will be experienced dur- 
ing the above period in every region not within the limits of 
the polar circles. When* by the diurnal revolution, any 
place is carried into the dark hemisphere, it is night; and 
when turned •round intb the enlightened hemisphere, it is day. 
The sun and all the -other heavenly bodies appear to move 
along the heavens every day from east to west; but this 
motion is only apparent, and is caused by the real motion of 
the earth on its axis from west \o east; but the apparent 
motion 6f these bodies is Somewhat different at different sea- 
sons of the. year, and in different regions of the^ globe, (See 
ante, p. 16. . All the planets on whos£ surfaces spots have 
neen discovered, are likewise found to .perform rotations round 
their axes, which will produce a similar revolution of day and 
night as in our world, though, in different periods ef time, 
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some of the planets -finishing the periods of their rotatfrTn m 
about ten hours, some in ten and a half, and others in twenty- 
three hours. 

•As to the vicissitudes of .the seasons — this is owing to the 
inclination of the* earth's axis to the plane of its orbit. If the 
axis of the earth stood jjerpendicular to the plane of its orbit, 
there would be no variety in the length of days and nights.) 
hut (hey would of course be equal all over the globe, except 
at the poles, where the sun would neither rise nor set, but 
remain continually in the horizon, as He is seen at -present in 
that position on the $lst of Mareh and the. 23d of September, 
at the north and south pole. This incKriation is 23£ degrees 
from the perpendicular, whieh makes, an angle with the 
earth's orbit v or the ecliptic, of 66$ degrees. The axis of 
the earth always keeps parallel to itself, in its motion round 
the sun, and points exactly to the same part of the heavens. 
This may appear somewhat strange, since the orbit of the 
earth is 190 millions of mites in diameter^ but this extent, 
-however great, is only as a* point when compared with the 
immense distance of the fixed stars-— the nearest of which is 
at Jeast more, than two hundred thousand times farther from 
us than we are from. the sun. If we look along twa parallel 
rods, four or five yards distant from each other, they will 
both seem to" point directly to the moon when in the horizon, 
{hough at such a distance firarij each other, although they 
would not bo^h point to the aame object placed at a short dis* 
tance. .And perhaps four or five yards bear as great a pro* 

Krtion to the. distance of the moon as I£X> millifens oif miles 
a? to the distance of the star*.. 
* The subject of the seasons may be il]ust*ited by the 
fallowing dkrgiani» &fr 60,- which represents the earth in four 
different positions -in its ortiMbe central figure representing 
the sun. It is known from observation that the axis of the 
3arth is always directed to very nearly the same fixed point 
in jjie heavens, and therefore it wiH constantly" preserve tho 
same position, in whatever part; of its orbit tne earjh may 
feappen to be in &* circuit found the sun, as may be seen in 
the figures here represented. Let us now suppose the earth 
to be in the situation represented at March, or at at, at the 
higher part of the diagram. A right line joining the centres 
of the earth ,and sun will cut the surface of the earth in the 
equator, and the: boundary between light-and darkness will 
pass through the two poles, and the days and nights will con- 
seouefltly be equal throughout the whole earth, except at thct 

vdm* whiqfc are in the fco&njlary of light and darkaess* *B«t 
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when the earth, iiv its ,annual course, is carried along the 
fourth part of its orbit to its position, as represented in June, 
towards the left hand of the figure, the north 'pole of the afifl 
still continuing to point in the same direction, will ad ranee 
into the enlightened hemisphere, and will be 23 degrees and 
a half from the boundary between light. and darkness, and the 
south pole at the same distance within the dark hemisphere. 
It is evident that, in this position* the earth may turn round' 
its axis a- considerable number of times, and yet no places 
around the poles be within the boundary of darkness. And 
if the earth were to continue in this part of its orbit, the sun 
would never set to the inhabitants* near the north pole, nor 
rise to those near the south* At the equator it would be always 
equal day and night; and in aU places -north of the equator 
their days would be longer and their nights shorter in pro- 
portion to their nearness to the arctic or north polar circle, 
while those on the south side of the equator would have their 
nighte longer than t^eir days. - 

But as- the earth moves forward in its orbit towards Sep* 
tember r represented in the lower part of the cut, the north 
pole will* gradually approach the boundary between light and 
darkness, which boundary will again pass through both poles, 
on the 23d of September; the days will gradually shorterf till 
it arrive at this point,: and day and night over the* globe will 
be then equal as before. ■ This is called the autumnal equinox, 
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mod this season is a kind "of medium between TOtmmer arid 
winter. As the earth proceeds through the ether quarter of 
its orbit, the days will still shorten till December 2 tot ; when 
the north pole of the earth will be just as far in the dark 
hemisphere, as it was in. the enhghtened one on the 2rst of 
June. This position of the earth, represented ^af the right- 
hand side of .the cut, is ceiled the winter solstice. From this 
period to the Vernal equinox in March/ the days gradually 
lengthen as the north pole again approaches the* boundary 
between light And. darkness^ and when the earth arrives at 
that point, the circle of the year and of the Reasons is com- 
pleted. From the description now given it will evidently 
appear that the inhabitant* of the southern regions of our 
globe have the same variety of seasons which we enjoy, but 
in e reverse order. When it is shimmer in southern climes, 
jt ie winter with? us; and when it is spring with us, it is 
autumn in -the southern regions. , 

The different signs of the zodiac through which the earth, 
or the sun, passes in the course of the annual revolution are 
depicted in their several characters, in the outer circle' of the 
diagram* They^are as follows.*— ^beginning at the bottom/at 
September, and proceeding towards the right hand, Aries, 
Taurus, Oemini, Cancer, Leo^Virgoi, jLihra, Scorpio, Sagitta- 
rius, Caprkornus, Aquarius, Pisces. -These are the names 
of theiwelve constellations^ faugh which the sun apparently 
passes -in. the course of a year* In March, the real place of 
the earth is Libra, ami consequently the sun will appear in 
the opposite sign in Aries, and be vertical to the equator. In 
June, the earth, is in Capricorn and; the sun in Cancer r when 
he is vertical |o those who Ike under the tropic of Cancer* 
In September, the earth is in ^ries-and the sunin Libra, 
wheu be is- again vertical tQ the equator. In December, the. 
earth is in Cancer and the sun in Capricorn, when he is ver- - 
tical to those living under the tropic of 'Capricorn; as the in- 
habitants of _ South Africa arid the central parts of New Hol- 
land, The explanations now given of the seasons would, 
perhaps* appeax more- perspicuous to the astronomical tyro, 
were they to be illustrated by an orrery ,^a tellurian, or any 
other instrument Calculated to elucidate the subject. 

In the- northern part -of "the globe, where we reside, our 
summer is nearly eight days longer than our winter. * By 
summer, we understand the -time which elapses between the 
21st of IViarcK arid the 28dt>f September; and by winter, the 
time between the 38d of September and tbeMfcrst of March; 
or the period- between the autumnal and vernal equinoxes 
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In the fotmer caer, the earth passes fhroughnl£*<iegree%*f 
its orbit, which occupies 1$6 days, II hours; ill the. latter 
case it passes through only 1T6 degrees, which is performed 
in 178 days*, 18 hours. The reason ef this different** is, that 
the earth moves in an elliptical orbit, one portion of which is 
nearer the sun than another ; in' consequents of which the 
sun's apparent motion* is slower when in the northern eigne 
than while it traverses the southern ones. . This orbit is more 
than three millions of miles longer in one direction than it is 
in another; consequently, the sun is farther from us at one 
season than he is at another. . On the let of January he is 
three millions of miles nearer us than on the 1st of July, 
which is ascertained from the difference of his apparent di- 
ameter at those seasons. On the 1st of January his apparent 
.diameter is 89 minutes, 85 seconds, whereas, on the 1st of 
Jujy, he is only 31 minutes, 81 seconds*~being a difference 
of 1 minute of a degree and 4 seconds. 

Here a .question will naturally occur*— Why have we the 
coldest weather when the sun is nearest us, and the hottest 
when he is farthest distant ? This is owing to various* causes ; 
the principal of which is, thai the sun's rays in winter fall so 
obliquely- upon us, and have so. large a portion of the- atmo- 
sphere te pass through, that they come with less force* and 
spread over a larger space than they do in the summer* when 
the sun is at a greater height above the horizon.. Besides, 
in the- long nights of winter, we have a greater degree of cold 
than can be compensated by the return of heat in the, short 
days, by reason of which the cold- will be increased till the 
days sensibly lengthen. .On the- other han&s the greater 
length of the day contributes to* augment the heat in summer; 
for the earth and air -aw heated by the sun in the day-time 
more than they can be cooled in the night, and tnt this ac- 
count the heat will go on increasing in summer tifl the days 
sensibly decline. In summer, top, the sun rises to a high 
altitude, and bra rays pass through a much less portion' of the 
atmosphere, and are less, refracted and weakened by it-than 
when they fall morejohtiquely on the^arth*end pass through 
the dense vapours near the horizon/ Hence it is* that it is 
colder, near- the' time of sunset, and aiitde after sunrise, than 
when the sun is near his meridian- akhodet It is owing to 
these and sisajlar circumstances that the hottest and coldest 
seasons of the year are not about the time of the lomyest and 
shortest days, but geneialiy about a month after these periods. 
Fo> a body ^<mce heated does not groWH5oW instantaneously, 
but gradually.; and jw>' long as^ more heatr4jomes from the sun 
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in the day thaii is lost in the night, the heat will gradually 
increase till it comes to a certain maximum, when the in- 
creasing length of the night will cause it to diminish. . 

The subject of the season^ has been a favourite theme 'to 
poets as well fcs to philosophers ; and they have frequently 
expatiated on flie beauties and the beneficent designs con- 
nected with 'the varying aspects of the revolving year. And 
it -mast be admitted that, in the present constitution of our 
globe, and in the, present moral state of the human race, there 
are many advantages enjoyed,* and much of the Divine good- 
ness is displayed in every one of the Reasons as they suc- 
cessively appear, which brirtgs along- with it its peculiar 
beauties, pleasures, and enjoyments. But the earth, with 
the seasons as they now '♦roll," can scarcely be considered 
as an abode stfited to an innocent creature that has retained 
its original purity and integrity; — the burning heats hi sum- 
mer, whicji are felt in the southern climes, the whirlwinds, 
torriadoejs, inundations, thunders and lightnings, with which 
they are fi-equentry accompanied ; and the frosts and snows, 
storms and tempests; and insufferable cold >vhich are fek in 
winter m different parts of the temperate climates, and in the 
polar Tegions-^-seem to be ''accommodated. only to beings who 
are-4nvolved in. guilt and tainted witfr moral depravity; and, 
therefore, we have no reason to believe that the seasons, as 
they^ now exist, would have presented the same aspects, or 
operated in the sameOnanner, had man remained in his pri- 
meval innocence and ^allegiance to his Maker. A great change 
Seems to have taken place in this and other respects at the 
period of the "universal deluge, when* the "fountains of the 
great deep" were broken up, the cataracts of heaven opened, 
and the solid strata' of the earth scattered and disrupted : then, 
in all probability, the constitution of the atmosphere likewise 
underwent an extensive* Change as to its composition tmd 
properties, which is .'partly the cause of some of those storms 
and tempests and other phenomena which arise in, the course 
of the revolution of th3 seasons.* But, even Jn the present 
state of nature, we have reason to be "grateful to God, that in 
all his dispensations towards his creatures "'he remembers for 
us mercy in fire midst of deserved judgment^— that white 
hurricanes, tempests, and earthquakes sometimes produce 
dreadful devastations, and sweep away multitudes of human 
'beings from the living world, "his tender mercies" may be 
s^id. On the whole, to be diffused " over all his works y y for 
every season of the year .brings along with it its own peculiar 
•enjoyments, in a thousand different ways ; atod man, even in 
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his present condition, mighi.be ^comparatively happy being, 
were his thoughts and affections, his' temper and actions, 
regulated by the principles and precepts of Christianity and 
the moral laws of his Creator. The evil passions and de- 
praved affections which prevail among mankind, are far mprej 
^destructive to human happiness than all the storms and tem- 
pests, thunders and lightnings, earthquakes and volcanoes, 
that rage throughout the seasons and, convulse the elements 
of nature. . 

The present state of man. en earth, in the .midst of thet 
circling seasons, appears to be adapted only to a being who 
has but a short time to remain in this terrestrial spnere ; 
whose aim ought to be to aspire after a nobler scene of exist- 
ence—to enter in the prescribed path to this happier sjaje, 
by believing in the name of the only begotten Son of God, 
who is "the Way, the Truth, and the Life" — and by .culti- 
vating, with vigilance and caution, those heavenly tempers 
and Divine virtues winch will prepare. him for the employ- 
ments of an immortal existence. As the engagements of life, 
and religion are such as human nature does not always 
willingly perform, and is apt to postpone them to what it con- 
siders- a more convenient season — the vicissitudes of the 
seasons, and other arrangements in nature, have a, tendency 
to stimulate us in the performance of present duty. What- 
ever we behold in the economy of nature around us, reminds 
us of the lap*? of time and the flux of mortal existence. The? 
day and night regularly succeed eacfc other, and remind us 
that a certain portion of duration has fled. The sun appears 
in -the eastern horizon ; he soon.attains bis meridian altitude, 
then declines, and in a few hours sets m the west ;— the stars 
in their courses mark the lapse of our fleeting moments ;— 
the moon does the same every inght, by changing its form; 
«nd the revolution of the seasons diversifies the year, and 
shows how large a portion of human, life glides silently away. 
If the wheel of life passed on in undistinjguisnabte unHormity, 
we should scarcely be able to mark its approaches to the end 
of the course. If one hour were uniformly like another — if 
the diurnal motion of the r sun did not show that another day 
is on the wing— if the circling seasons did not impress us 
with the flight of another year — quantities of duration, equal 
to days, months, and years, might glide away, without being 
observed, and without improvement*. But the course, of time, 
marked out by so» many, movements, objects and circum- 
stances, continually reminds us of what progress we have 
made in. gliding down the stream of life towards the ocean 0/ 
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etei«fty! and admonishes each of us by its rapidity, " What- 
soever thy hand findeth to do, do it with thy might r " since 
the day rolls on, and " the night cometh, when no man can 
work.^ , '. 

In fine, the several divisions of the seasons have been con- 
sidered as bearing a striking analogy to the course of human 
j existence. Spr fog bar been represented as the youth of the 
year, the season, of phasing hope, blooming beauty, and 
lovely energy.- Summer has been likened to perfect man- 
hood the season of confirmed strength, attd persevering 
vigour. Autumn has been compared to that period wheft 
inan is mellowed by age and brings forth the fruits of wisdom 
«nd experieaoe. And cheerless Whiter haw been termed the 
decrepit and hoary old age of the year. If a day be con- 
eidered » an imajere of a year, and the year -as a representation 
*f human life — then the morning answers to spring, and the 
spring to childhood and youth ; the noon eorresponds to sum- 
mer, and the summer to manhood. The evening is an emblem 
of tfutilmn, an autumn of declining life ; thel night is an 
emblem of winter, in which the powers of vegetation are 
benumbed,— and whiter points oat the time when life shall 
eewe, with aM its hopes and joys* WiA such views, Thom- 
sot), the poet of the " Seasons,", closes hid description of 
Winter: 



■ Behold, fond man ! 



fltee here thr pictured life : pass some few rears, . 
Thy flowering Spring, ttry Summer' • ardent strength, 
Thy sober Autumn &£ng into age, 
And pale concluding Winter comes at last, , 
And shuts- the scene. Ah ! whither now are fled 
These dreams of greatness* those ansolid hopes 
Of happiness \ those longings after fame, 
Those restless cares, those busy bustling days t 
* !Thoee gay spent festive nights f those veering thoughts 
Lost between good and ill that^shared thy life ? 
All now are vanish'd I Religion sole survives, 
Immortal, never-failing friend of man, 
His^uide to happiness on high ! 
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CHAPTER VIII, 

BEFLBCTIONg, MOBAI, AND RBLIGIOUS, m EEFBRENCB 
TO THE SOLAR 8XBTBM. 

WiTHOtrr entering at present en the consideration of any 
other topics connected with -astronomical science, we shaft 
conclude the present work with, a few reflections, suggested 
by the subject we have endeavoured to illustrate in the pre- 
ceding pages. 

The science of astronomy presents to our view objects 
which are calculated to raise our admiration, and- to excite 
the soul to solemn reflection, and .elerated contemplations. 
When we take but a cursory view of the nocturnal heavens, 
in a clear and serene evening, we are almost irresistibly over- 
powered wi|h emotions of wonder and' awe, at the amazing 
grandeur of the vast canopy around us, and the number of 
the brilliant orbs which shed their radiance upon us from 
afar. But when, with the eye of the intellect, assisted by 
the telescope and the discoveries of science, we endeavour lo 
traverse the immense spaces above us, and to survey the num- 
ber, the magnitude, the distances, and the rapid motions of 
the globes dispersed throughout the- regions of immensity," 
we are completely overpowered, and lost in astonishment, af 
the extent and grandeur of the scene— their numbers cannot 
be told; their magnitude cannot bo conceived ; their distances 
are beyond human calculation and Comprehension ; and the 
amazing, velocity with which they fly through the regions of. 
space is confounding and almost terrifying to theimagination. 
Millions upon millions pf those magnificent globes have been 
running their .ample rounds for thousands of years* and will, 
doubtless, continue their courses, though amidst numerous 
cnanges, throughout all the revolutions of eternity. The im- 
mense forces with which they are impelled in their cfereer; 
the magnificent circles they describe; the beautiful order in 
Which they are arranged; the regularity and harmony' of 
their movements ; and the noble and important ends to which 
they are destined,- proclaim, in language not to be mistaken, 
that " the Hand that made them is Divine ;^ and, therefore, 
that they ought to be studied, and contemplated with pious 
emotion, by every rational and-ieKgieus mm&<: 
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u Come forth, O man! _ yon azure round survey, , 
And view those lamps which yield eternal day. 
Bring forth thy glasses ; clear t hy wondering eyea ; 
Millions beyond the former millions rise ; 
Look farther;— millions more blaze from yonder skies.** 

Who can look up* to the midnight sky* and behold its roll- 
ing wonders, without being struck with astonishment at the 
idea of that great Being, who formed such vast ancl magnifi- 
cent works ? " Canst thou by searching find out God ? canst 
thou find out the .Almighty unto perfection ? n There is a 
length and a breadth, a heighth and a depth, in the perfections 
of flie Divinity, which finite intelligences will never be able 
fully to comprehend. Vast and magnificent &s the structure 
of the starry heavens is, it was produced without materials— 
it emerged out of nothing. The voice of the Eternal u spake, 
and it was done.*' " He commanded," and the orbs of the 
firmament started into being. ^Cet there be light : tmd there 
was light." " By the word of, the Lord were the heavens 
made ; and all the host of them by the breath of his moutn." 
Our adniiration o^ such wonderful works should lead us to 
humble ourselves in his august presence, and to reverence 
and adore him as the uncreated source of all felicity* " Lei 
all the earth fear the Jjord ; let all the inhabitants of the world 
stand in awe of him." 

But as we have not yet taken a survey of the starry 
neavens, and the wonderful scenes which they disclose, we 
shall chiefly confine our present reflections to the objects, con- 
nected, with the v planetary system, of which we have given a 
brief sketph in the preceding pages/ 

In the first place, when we contemplate the grand machi- 
nery of the solar system, we are presented with a striking 
disnfoy of the almighty power -ot Him who formed it, It 
presents to our view objects of overpowering magnitude and 
grandeur— planetary globes, a thousand times larger ihan the 
earth; "and ' magnificent rings, .which would reach nearly 
from the earth to the moon, and which would enclose within 
their' vast circumference four hundred worlds as large as tha£ 
on which we dwell. It exhibits a sun more than, twelve 
hundred thousand times larger than our earthly ball, and five 
hundred times larger than all the planets, their satellites and 
rings, .taken together, even although hundreds of comets were 
also includedi and this sun extending his ^influence to bodies 
a thousand millions of miles distant, enlightening them by his 
beams, end retaining them in their orbits by his attractive in- 
fluence. It presents before us motions, so astonishing as to 
WBrpower all oiir faculties — bodies, a thousand times larger 
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than our globe, flying with a velocity of thirty thousand milet 
every hour, carrying along with them, a retinue of revolting 
worlds, and continuing their rapid career, without a moment's 
intermission, for thousands of years — nay, motions at the rate 
of eight hundred thousand miles an hour have been perceived 
anion? some of the bodies connected with the 'solar system. 

What a striking display do such objects present of the 
power and grandeur of Omnipotence, so" frequently celebrated 
by the inspired writers. «* Great is our Lord, and of great 
power: his understanding is infinite; his greatness is tin- 
searchable ;" wonderful works doth He, which we cannot 
comprehend. " Who is a strong Lord like unto thee ? Who 
in heaven can be compared unto the Lord? Who among the 
sons of the mighty can be likened unto the Lord ? " We are 
sometimes apt to be dazzled with the splendour of riches, 
and to admire, in the palaces of the great, the magnificence 
-of the furniture, the beauty of the apartments, and the profu- 
sion of gold and silver ornaments that appears on every side. 
We are apt to reverence mighty^ potentates, when they l>ear 
rule over multitudes of subjects, and exercise their sway over 
extensive countries. We judge of the greatpess of men by 
their actions, when they build spacious cities, and ejecf 
splendid palaces and temples ; when they construct steam- 
engines and carriages, and impel them forward with a motion 
of fifty miles an jjfour. But, what are all the powers and 
energies of man, as displayed in his noblest , achievements, 
compared with the magnificence and energies displayed 
throughout the planetarysystem ? What *re a few cities, 
palaces, and temples, compared with the grandeur and ex- 
tent of mighty worlds ? What is a small corner of the earth, 
compared with the expansive range over which the sun ex- 
tends hiVihffuence ? What is the motion-of a smaU engine, 
evett at fifty miles an hour, compared with the motion of a 
globe ten "thousand miles in circumference, flying at the rate 
of a hundred thousand miles' an hour? All human art, 
power, and grandeur must hide their diminished" heads in 
the presence of Him who is the former and governor of spa- 
cious worlds, Aslhe splendour of the stars is absorbed by 
the rays of the-sun,so all the grandeur, power,'ahd splendour 
of this world. and its inhabitants vanish before the presence 
of Him who is "the King'. Eternal, Immortal, and Invisible," 
and "before whom '« all nations are accounted as nothing, and 
less than nothing and vanity. 1 * And, if such power is dfs* 
played in one sun, and one system of revolving worlds, how 
creat' beyond conception the effects of that Almighty energy 
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which has brought into existence thousands and million^ of 
other suns and systemsj and dispersed them in countless 
numbers throughout the illimitable tracts' of space ! ** Who 
can uiter the mighty. acts of the Lordi"— " Great and mar- 
yellous are thy works, Lord, God A.lmighty !". 

This attribute of the Almighty, so conspicuously displayed 
in the heavens, lays a sure foundation for the^faith and hope 
and comfort of the. Christian, amidst all the perplexitfes and 
afflictions to which he is subjected in the^present state. For 
it assures him that whatever Jehovah has promised, "he is 
able also rto perform."' The promises addressed to us by a. 
wise and benevolent Being can excite in us hope and depen- 
dence, only in so far as we are convinced, of his power to 
secure thejr accomplishment* If omnipotence were rjot an 
attribute, of the Divine Being, -or Were we unable to. trace its 
operations in .existing facts, we could have no rational de- 
pendence- on- his promises and declarations in regard to .ob- 
jects which are. unseen and eternal and which lie beyond 
the limits of human comprehension. But when we benolcf, 
in the arrangements of this lower w^rld, and in the solar 
system, a dispjayvof omnipotent energy .in incessant operation, 
far beyond the grasp of our ljmited faculties, we plainly pef- 
ceive^hat there is not a promise recorded in Divine revelation, 
nor a future* fact declared, but is within the power ©/ Jehovah 
fullv to accomplish and realize. "lie .doeth according to his 
will in the army of heaven, and- afQong the inhabitants of 
the earth: and none. can stay his hand,, or say unto him, 
What doest thou ?" Should afflictions assail us, he is. able 
to comfort and support. Should calamities Befal us, or dan- 
gers surround us, he js able to deliver* . Should death stare 
us in t\\e face^nd heart and flesh begin to faint and (ail, he 
is able to transport, our spirits to a nobler scene of existence,,, 
and to re-animate our mortal frajnes at the resurrection of the 
just. Happy,. then, is the man who halh this eternal God for 
his rduge, " whose hope is in theXord his God : which made 
heaven' and, earth, the sea, and all that therein is : which 
fceepeth truth* for ever." .For He "is .able to do exceeding 
abundantly above all that we can ask or think/' " according 
to the working of his mighty J)ower, whicl} he wrought in 
Christ, whence raised him frorn, the dead, and set him at his 
own right hand in the heavenly place," • . 

2. .The arrangements of the solar system display the wisr- 
dbna and benevolence of its Creator. Were it possible to con- ' 
ceive a being possessed of such power as the planetary sys- 
tem, displays, but devoid of wisdom and goodness, such a 
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being would be the_ most terrible object which the human 
mini could contemplate. Power acting at random, without 
regard to the happiness of intellectual beings, could only pro- 
duce terror and apprehension throughout the intelligent uni- 
verse, uncertain whether or not its" energies might be exerted 
for the purpose of promoting misery and destruction. But 
the attribute of omnipotence, when, conjoined with infinite wis- 
dom and boundless benevolence, conveyaTan idea the most 
glorious and transporting; and these' perfections are con- 
spicuously displayed throughout all the wt>rks of God. His v 
wisdom is illustriously displayed in the arrangements of the 
planetary system, in placing near the centre of tKis system 
that immense luminary, the dun, from whence light ' and 
hea£ might be distributed in due proportions to all. the worlds 
that roll around it — in nicely proportionating the motions and 
distances of all the planets, primary and secondary — in unit- 
ing them in one harmonious system by one grand -and uni- 
versal law, which prevents them from flying W in wild con- 
fusion through the„ infinity of space— in nicely adjusting the 
projectile velocity to the sun's attractive power, so as to 

S'oduce harmony of motion, and to prevent the planets, oh 
e one hand, from rushing forward to the sun, and, on the 
other, from flying oflf in a tangent through the regions of- im- 
mensity — in the constancy and regularity df their motions, 
no Qfce interfering with another or deviating from the course 
prescribed — in the exactness with which they run their des* 
tined rounds, finishing their circuits with so much accuracy 
as not to deviate from their periods of revolution the space of 
a minute in a hundred years-*-in the spherical figure given 
to' ap these mighty orbs, and the diurnal motions impressed 
upon them, by which a due proportion of light and heat is 
diffused over every part of f heir surfaces-*and in the won* 
derful simplicity of, the physical laws, on wnien so much 
beauty a harmony, and order depend. In all these and matey 
other respects, the planetary system jfresents a display of 
* the manifold wisdom of God." . 

i The benevolence of the Deity is likewise manifested through- 
out this system, in ordering all the movements and arrange- 
ments of tne planetary globes, so. as to act in subserviency to 
the comfort and happiness of,sentient and intelligent beings. For 
the wisdom of pod is never employed in devising means with-* 
out an end : and the grand end of all his arrangements, so far as 
our views extend, is the communication of happiness^ and it 
tVould be inconsistent^wifh the wisdom and other perfections of 
<3©4 hoi to admit that the same end f$ kept in vfewin,every ptat 

Digitized by V^iOOQlC 



l&LVIFSgnp) m OUR BfflAB, SYSTEM. 201 

W his dominions, ^however far removed from the sphere of our 
observation. We cannot, indeed, explore the minute displays 
of Divitfe goodness in the distant regions of the planetary sys- 
tem, but we perceive- certain general arrangements which 
clearly indicate that the happiness of intellectual natures is one 
of the grand ends of the Divine administration. For example- 
light is essential to the eomfortand happiness of all living beings. 
Its r^ys illumine the vast expanse of the heavens, and- unveil 
all ti\e .beauties and sublimities of creation around us. With- 
out' its influence the universe would be. transformed into a 
desert, and happiness, ..even in the t lowest degree', could 
scarcely be enjoyed by any sentient or perceptive, existence. 
Now we find, in the arrangements of the .solar-system, that 
ample provision has been made, for diffusing light in all its 
varieties ovetf every planet v and satellite belonging to this sys- 
tem. Airthe pkmets revolve round, their axes* in order that 
every part of their surfaces may enjoy a due proportion of the 
solar rays: around the more distapt planets, an assemblage 
of moons has been arranged to throw light upon their surfaces 
in the absence of the sun. . And while the satellites perform 
this office, the primary planets reflect a still greater quantity 
of. light, upon the surface of the satellites : and one of these 
planets is invested witk a splendid double /ring, of. vast di- 
mensions, to reflect the solar rays during night both on the 
surface of the planet and on the surface of its moons ; all 
which arrangements must necessarily have a respect tTthe 
enjoyment of intellectual natures: otherwise they would be 
means without an end, which would be inconsistent with the 
wisdom and intelligence of the Deity. If, then, the happi- 
ness of various /orders of intelligent beings was- intended to 
be promoted by such adaptations and arrangements, we have 
here presented., to our view a most glorious, display of thel ex- 
pansive benevolence of that almighty Being who " is good to 
all/* and: whose "lender mercies are diffused over all hia 
works." _ N If this earth on which we dwell " is full of the 
goodness of the Lord ; 9y if countless myriads of living beings, 
fiom man downwards to the minutest insect, are supported 
and nourished by the -Divine bounty, how wide and expan- 
siye. must *be the emanations of that beneficence which ex- 
tends its "regards to worlds 7 a thousand times more extensive 
ind "populous than ours !- The benevolence of the Deity may 
ce saior to-consthute his whole moral character, and to reflect 
a radiance on all his ether perfections* Hence, in the records 
oT inspiration, the Divinity i? summarily . described by this 
perfection ejone, "JGtod is We !" He is the uncreated source 
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of a!l the hap>mesB enjoyed by every rank of ' spirit**! mud 
perceptive existence, from the highest angel to the worm, 
u O give thanks imto 4he Lord ; for he is good : for his mercy 
endureth for ever." w " ■-*.-• 

&. The surrey we have taken of the -solar system 4ms a 
tendency to moderate the pride of man and to promote hurni* 
lity. Pride is one of the distinguishing chcracteristtes of pony 
man, and has* been one of the chief causes of aU the conten- 
tions, wars, devastations, systems of slavery, a*d ambition* 
projects which have desolated and demoralized Our sinful 
world. Yet there is no disposition more incongruous. to the 
character and circumstances of mas. Perhaps there are no 
rational brings throughout 4he universe among whom pride 
would appear more unseemly, or incompatible than in man* 
considering the situation in which he is placed. He is ex- 
posed to numerous degradations and calamities, to the rag* 
of storms v&nd tempests,, the devastations of earthquakes and 
Volcanoes, the fury ofrwhirrwinds, and the tempestuous billows 
of the ocean, to the ravages of the sword, famine, pestilence, 
and numerous diseases ; and at length he must sink' into the 
grave, and his body must become the companion of worms ( 
The most dignified and haughty of the sons of men ape liable 
to these and similar degradations, as well as the meanest of the 
human family. Yet, in such circumstances, man-^hat puny 
wosn of the dust, whose knowledge is so limited, and whose 
follies are so numerous and giarihg*-4ias the effrontery to 
strut in all the haughtiness of pride, and to glory -in his 
shame. 

When other arguments and motives produce little eflfect on 
certain mmds, no- considerations seem Kkejy to have a mom 
powerful tendency to counteract this deplorable propensity in 
human beings, than those which are borrowed* irom the ob- 
jects connected with astronomy* They show ua what an in> 
Significant being — what a mere atom, indeed, man appeats 
amidst theimmerisity of creation ! Thotfgh he is an object of the 
paternal care and mercy of the' Most High, yet he! is but as* 
grain of sand to the whole earth, when compared to the count* 
less myriads of beings that people the amplitudes of creation. 
What is the whole of this globe -on which we dwell compared 
with the solar system, which contains a mass of f matter s4 
mariy millions of times greater? What is jt in comparison 
With the hundred millions of suns and worlds which, by the 
telescope, have been descried throughout the starry regions? 
What, then, is a kingdom, a. province* or a, baronial territory* 
of which w6 are as proud as Jf we weie the lord* of the am? 
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verse, sad for whiok we^eagage in so much devastation and 
carnage ? WhaUare .they, when set in competition with the 
glories of the sky ? , Could we take our station on the lofty 
pinnacles of heaven and- look' on this scarcely distinguishable 
speck of earth, we should be. ready, to exclaim with Senec?, 
" Is it to this little spot thai the great designs and vast desires 
of men are confined? Is it for this there is so. much disturb- 
ance of n&tions, so much carnage, and so many ruinous wars ? 
Oh folly of deceived men, to imagine great kingdoms in the 
oompass of a^atom, to raise armies to decide a point of earth 
with the sword ! ,r Soon may t^e-time arrive when the pro- 
phecy shall be fulfilled :-~ 

11 The wolf shall dwell with the lamb, 
And the leopard -shall lie down with the kid ; 
And the call ami- the young lion and the. fat ling together ; 
And a little child shall leatf them. • . " 

And the cow and the bear shall reed ; 
Their young ones shall tie down together : . 
And the lion ehell eat straw like the ox. 
And the sucking cjuld shall play on the hole of the asp, 
And the weaned child shall put his hand on the cockatrice' den. 
* They shall not hurt nor destroy in all my holy mountain : 
. For the earth' shall l?e full of the knowledge of the Lord, - 
As the waters, coyer the sea. 
And in that day there shall be a root of Jesse, 
Whieh shall stand for an ensign of the people ; 
To it shall the Gentiles seek: 
And his rest shall be glqrious." 

> Isa, xi. 6—10. 

It is unworthy the dignity of an immortal mind to have its 
affections absorbed in the vanishing splendours of earthly 
grandeur, and to feel proud of the paltrf possessions and dis- 
tinctions of this- sublunary scene. To foster a spirit of pride 
and vain-glory in the presence of Him '" who sitteth on the 
circle of the heavens/' and in the view of the. overwhelming 
grandeur and immensity of Jns works, is a species of pre^ 
sumption and arrogance* of which every rational mind ought 
to feel ashamed : and, therefore, we have reason to believe, 
that those .multitudes of fools, "dte&sed in a little brief au- 
thority," jsrho walk in al) Jtbe loftiness hf pride, have hot yet 
considered the rank they hold in the scale of universal being— 
and that a serious and, profound contemplation of the im- 
mensity of -creation would have, a tendency to Convince us 
of our ignorance and nothingness, and to humble us in the 
dust in the presence of thai Former and Preserver of all 
worlds* We have reason, to believe that the most ezaked 
beings inthe* universe— those who are furnished with the 
; capacioua powers, f and who have arrived at the greatest 
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perfection in knowledge-— are distinguished by a proportional 
snare of humility ; for in proportion as they advance in their 
surveys of the universal kingdom of Jehovah, the more will 
they feel their comparative ignorance, and be convinced of 
their limited faculties, and of the infinity of objects and opera- 
tions which lie beyond their, ken. At the same time, 4hey 
will feel that all the faculties they possess were* derived from 
Him who is the original Fountain of existence ^and are con- 
tinuallydependent for their exercise on his sustaining energy; 
Hence we find that the angelic tribes are eminently distin- 
guished for the exercise of this heavenly virtue. They " cover 
their faces with Jheir wings," in the presence of their Sove- 
reign, and fly with cheerfulness at his command to our de- 
graded world, " to minister to them who shall be Jieirsjof sal- 
vation," and to execute whatever purposes he prescribes. 
• Throughout the sacred records pride is uniformly repre- 
sented as abhorrent in the sight of the Almighty, while hu- 
mility is marked with his approbation.' ** Every one that is 
proud in heart is an abomination to the Lord. , " God re- 
ststeth the proud, but giyeth grace unto the humble/' " Thus 
saith the high and lofty One, who inhabiteth eternity, whose 
name is Holy: I dwell in the high and holy place, with him 
also that is of an humble and contrite spirit, to revive the 
spirit of the humble, and to revive the heart of the contrite 
ones." This is a consideration which deserves the serious 
attention of young men when they first set out in their pur- 
suit of science. They are apt to be puffed up with a vain 
conceit of their acquirements, when they have acquired enly 
a smattering of learning, and have scarcely. entered the porch 
of the temple of knowledge, and to vaunt themselves asif they 
were raised to a high elevation above the vulgar throng. Let 
such remember that even the illustrious Newton, after the 
vast acquirements he had attained, .and the noble discoveries 
he lad made; when he approached the hour of his dissolution, 
declared, "I do not know what I may appear to. the world* 
but to myself I seem to have been only like a boy playing on 
the sea-shore, and, diverting tnyself with now -and then finding 
a pebble or a prettier shell -than orfinasy, while the great 
ocean of truth lay all undiscovered before me." 

4. The ; subjects of astronomy to which we have directed 
the attention of the reader, afford a strikipg view of the con* 
descension of the Divine Being towards rnan, especially" in 
regard to the redemption of our fallen world. .This sentiment 
seems to have been deeply impressed upon the mind of the 
psalmist, when contemplating the .nocturnal heavens. View* 
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ing the resplendent orbs every where around him in &e canopy 
of the skyi-«the moon: displaying her radiance- — the planets in 
their courses, and the innumerable host of "stains — his thoughts 
seem -to have taken a flight into the regions of immensity, 
and by the guidance of his rational powers, and the assist- 
ance of the Spijrit of inspiration, be takes an expansive view 
of the multitude, the magnitude, and the grandeur of those 
magnificent globes which roll' in the distant tracks of creation* 
Overwhelmed with his views of the immensity of the uni- 
verse, and of the perfections and. grandeur of its Creator, 'he 
breaks <mt irr the language of astonishment and wonder, 
-"When I consider thy heavens, the work of thy fingers, the 
moon, and the stars which thou hast ordained ; what is man 
that thou art mindfulof him ? and the son Of man that thou 
visitest him?" Surveying- with his intellectual eye^ the 
boundless extent of Gbd'sr universal^mpire, he shrinks as it 
were into nothing, and seems almost afraid lest he should be 
forgotteii or overlooked amidst the immensity of beings over 
which the Divine government extends. And when he con- 
sidered himself as a guilty Creature in the- presence of the 
Most High, his astonishment at the Divine condescension and 
grace mtist have been increased. 

In no dispensation of the Almighty is this Divine conde- 
scension so strikingly displayed as in the economy of our re- 
demption. Though countless myriads of worlds and intel- 
ligences, are under hie superintendence, and are incessantly 
fcelehrating his praise in the loftiest strains ; and, consequently, 
though all the apostate inhabitants bf our. world might have 
been for eveir annihilated without being missed amidst the 
immensity of creation, y&, amazing to relate ! the joyful an- 
nouncement was made to our rebellious- race, "God so loved 
the world, that he gave his only begotten Son, that whosoever 
believeth in him should not perish, but have everlasting life." 
Soon after the fall of man this glorious intelligence was an- 
nounced ; and in every succeeding age God raised up a suc- 
cession of prophets to announce -the coming of the gffeat Deli- 
verer, " to foretell the sufferings of Christ, and the glory- jthat 
'should follow." Arid when the time appointed in the decree 
of Heaven arrived, the ' promised Messiah was at length 
ushered into the world. A messenger from the celestial 
world, surrounded with refulgent splendour, was despatched 
to the plains of Bethlehem, to make 'known his- appearance 
in the world : "Behold/* says -he, " I bring you good tidings 
of great joy, which shall be to all people. For unto you is 
born this 'day in the city of David, a Saviour, which » 
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Christ the Lord/ 9 And immedktely a multitude ef an gek, 
having winged their flight from their heavenly mansions, joined 
in a chorus of' congratulation and praise, "Glory to God in 
the highest, and on "earth peace, good will toward men." 
Our Redeemer having passed through the scene of his public 
ministry, 4md manifested himself to be** the Son of God with 
power/' by a series of beneficent miracles, which he per- 
formed in every region of the land efJudea — was "led as a 
lamb to the slaughter," delivered np to the severest sufferings 
for our sake, and * became obedient unto death; even the 
death of the cross !" " And while he hung on the accursed 
tree, the most awful and striking miracles were exhibited te 
surrounding spectators, in-order to display the dignity of Him 
who suffered, and the importance of that " decease which waa 
accomplished at Jerusalem." The sun was clad in black, the 
beavens were arrayed in sackcloth, the day was turned into 
night, And, for three hours, darkness covered the whole land. 
The rocks rent asunder, the foundations <of the earth did 
-quake, the veil of the temple was rent in twain from the top 
to the bottom, the graves were Opened, and many bodies of the 
saints who slept arose. ,'- ' 

This" was the most wonderful event, and die most illustrious 
-display of Divine love that was ever announced to. our world. 
What displays of Divine love and mercy may have been 
made to other worlds, and other orders of beings, we are not 
in a situation to determine. We dare not affirm that, in 
other regions of <he Divine empire, similar displays have not 
been made,; for we have never traversed the depths of im- 
mensity to ascertain all the dispensations of the Almighty in 
every province of creation. But we may boldly affirm that 
the mission and the deati) of Christ were the most wonderful 
events, and the most astonishing displays of mercy and love 
that were ever made to our sublunary world. As the apostle 
-of the Gentiles )ias declared, there k a height and a depth, a 
breadth and a length in the love of God which is" in Christ 
Jesus, that passera knowledge. When we consider the 
depths -of misery from which it raises us, the heights of fe- 
licity to which it exalts us; the boundless nature of ^opera- 
tions, atod the everlasting continuance of all its blessings, we 
have reason to exclaim, in the language of- admiration, with 
the apostle John, " Behold^ what manner'of love the Father 
hath bestowed upon us that we should be called'the sons of 
God 1" "Unto him that loved us, and washed us from our 
^ins in his own -blood, and hath made its kings and priests 
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•Hrto God and his Father; to kirn be gibry and dominion for 
sver and evert" ■ w • 

6. The studies connected with the science of the heavens 
*>ore a tendency to prepare the soul that has been previously 
enlightened ana regenerated, for the employments of the fu- 
ture world. In that world -tfee glory of the Divine perfections* 
as manifested throughout the illimitable tracks of creation, 
is one of, the object* which unceasingly employ the contem- 
plations of the blessed ; for they are represented in their ado- 
rations, as celebrating the attributes of the Deity as displayed 
throughout the material universe : "Great and marvellous are 
thy works, Lord God Almighty. Thou art worthy, O Lord, 
to receive glory and honour and power ; for thou hast created 
all things, and for thy pleasure they are and were created." 
Before wis* can enter that world and mingle with its-inhabit- 
a&ts, we must acquire a relish for their employments and' 
some acquaintance with die objects which form the subject 
of their sublime investigations ; otherwise we could feel Kttle 
enjoyment in the society ^ef heavenly intelligences, and the> 
exerciser in which they engage. The investigations con- 
nected with, astronomy,' and the frequent contemplation of its 
objects, may tend to prepare us for- such celestial employ- 
ments 5 as they awaken attention to aach subjects— as they 
invigorate the faculties and > enlarge the capacity of the in- 
tellect — as they suggest sublime inquiries, and excite desires 
for further jnfeimation which may afterwards be gratified*— 
as- they form the grounoVwork of the progress' we may after- 
wards make ha that state, in our surveys of the Divine opera* 
tions — and, as they habituate the rorad to take large and 
comprehensive views of the empire and moral government of. 
the Almighty. ; 

Those who have nade* progress in stick studies, under the 
influence of holy dispositions, will certainly have higher and 
more perfect conceptions of the attributes of Jehovah than 
those who have given little or no attention to them ; and it is 
net perhaps an unwarrantable supposition, that by such em- 
ployments as most familiarize us with the glorious works of 
die. Creator, and lead ns to the- contemplation of his moral 
perfections, we may be the better prepared for directing the 
views and investigations of such as have enjoyed fewer 
opportunities of instruction in* the present state., For> we are 
informed in the sacred records, that "they who are teachers of 
wisdom shall shine as the 'brightness of the 'firmament, and 
they that turn many to righteousness as ^tfce stars for ever and 
ever r'^pWniy intimating, thai tfeose who* have made eminent 
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advances in' Divine knowledge, and applied it to its proper 
use, shall be distinguished with peculiar honours, . 

It is here of spree importance to remark, that it is not 
merely a scientific view of the mechanical fabric of the uni- 
verse that will prepare us for the employments of the celestial 
world, but the morcd principles aha the holy affections with 
which we afe animated in all our studies and contemplations. 
A man under the influence of evil principles and passions 
whose mind is actuated by pride, malignity, avarice, or re- 
venge, is unqualified for a right contemplation of the works 
of God, for joining in the associations of pure and holy beings, 
and for engaging in the exalted services of the heavenly 
world. Unless the principles of ** love to God" and " love to 
man" be engraven on our hearts, and interwoven throughout 
the whole of our mental frarne, and manifested in the general 
tenor of our conduct, we. can never enjoy true happiness 
either in the present state orjn any other region of the uni- 
verse; and- such principles and dispositions can never be 
expected to be implanted in the soul, and brought forth into 
action, Unless we comply with- the requisitions contained in 
the word of God. The foundation of future felicity must be 
laid in " repentance toward God, and faith toward our Lord 
Jesus Christ." As sinners against the most high God we 
stand m^need of pardon, peace, and reconciliation. And 
" this is the record of God, that he hath given to us eternal 
life, and this life is in his Son." "This is his commandment, 
that we believe on the name of his Son Jesjos Christ, — whom 
God hath set forth to be a' propitiation, to declare his right- 
- eousness for the remission of sins." 

This is the first step in the path which leads to life eternal. 
And having entered on this course, we must be careful to bring 
forth "the fruits of righteousness," and to "glorify God hi 
our bodies and spirits which are his." We must "add to 
our faith virtue ; and to virtue knowledge ; and to knowledge, 
temperance ; and to temperance patience ; and to patience 
godliness; and to godliness brotherly kindness; and to 
brotherly kindness charity. For if fhese~ things be in us and 
abound, rwe shall neither "4» barren nor unfruitful in the 
knowledge of ou* Lord Jesus- Christ. For so an entrance 
shall be ministered linto us abundantly into the everlasting 
kingdom of our Lord and Saviour Jesus Christ." Prosecut- 
ing such a course with activity and perseverance, holding 
communion with the "Father of our spirits," and exhibiting 
a pattern of every Divine virtue and grace, we shall enjoy afl 
that happiness which- is consistent with tour present state of 
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trial and imperfection, and be gradually prepared for being 
••partakers of the inheritance of the saints in light:" where 
there is "fulness of joy," and "pleasures for evermore." In 
short, animated by such Divine principles and affections, we 
shall be. fitted for holding intercourse with all the holy beings 
that constitute the moral and intelligent system, or, the whole 
family of God throughout the universe, m whatever regions 
of the vast creation they may reside : for the principles and 
dispositions to which we have adverted must be common to 
all the pure intelligences that people creation, that have re- 
tained their primeval innocence and rectitude. "When im- 
planted in the heart, and interwoven through the whole of 
the mental constitution, they assimilate us to angels and every 
other class of holy .intelligences, and qualify usJbr associating 
with the superior orders of intellectual natures — for entering 
into their sublime Wd comprehensive views — for bearing a 
part in their extensive schemes of universal beneficence— and 
for ^contributing along with them to the order and prosperity 
of God's universal and everlasting kingdom ! 
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KBW DISCQTBRIBS IN tfHfc 1%AKEIARY SYSTEM. 

The Plajiet ]^EPT3gNB*~The discovery of this planet form* 
a Temarkable era in the history of. astronomy. It was ascer- 
tained to exist by calculations founded on the principles of phy- 
sical astronomy, and. on the discrepancies which were found 
to. exist between the observed and the calculated places of 
Uranus. It was conceived that probably some disturbing body 
existed beyond that planet, which had hitherto eluded the obV 
servation of astronomers, and which produced the irregularities 
to which we allude. The following is a brief sketch of the' 
history of this discovery :-*- . , 

Tie Rev. Dr. Hussey, in 1834, wrote to Professor Airy, 
of, the Royal Observatory, Greenwich, that he conjectured the 
possibility of some disturbing body beyond Uranus, and that 
he had found that Bouvard and Hansen had been in'corre- 
spondence on a similar conjecture. In 1&42, the late distin- 
guished astronomer, Bessel, in conversation with Sir John 
HerscheV hi reply to the question whether flus deviations m . 
question might not be due to the actions of an unknown 
planet, stated, that he thought it highly probable that, such 
was the case.; But, till September/, 1845, there was not pro- 
duced by any astrjMiomer a researchr^hat" was calculated to 
decide, this question* It was about this time that Mr. J. TJ. 
Adams, fellow and assistant of St, JohnV college, Cambridge, 
communicated to Professor Challis, of the Cambridge Obser- 
vatory, values which he obtained for the heliocentric, longi- 
tude, eccentricity of orbit, longitude of perihelion, and mass 
of an assumed exterior planet, deduced entirely from unac- 
counted-for perturbations of Uranus. , The same results* 
somewhat corrected,* were' left* fit the Observatory of Green- 
wich, aBout the end of the following October, in a paper con- 
taining the following, statement >-»-" According to my calcula- 
tions, the observed irregularities in the motion of Uranus may 
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be accounted for, by supposing th< 
pknet, the mass and orbit of which 



the existence of an exterior 
are as follows : — 

Mean distance (assumed nearly in accordance with Bode's law) 30.84 

Mean sidereal motion in 365* days 1° 90/9 

Mean longitude, 1st October, 1845 323° 34' 

Longitude of perihelion . . '• • « • • 315° 55* v 
Eccentricity. ^ . . * .' .' . . . ... 0.1610 

Mass, that of the sun being unity . . " . . . 0.0001656 

These were the first intimations of the new planet that 
were ever made public; and at, or near the position here 
assigned to it, it was afterwards seen by Professor Challis 
of the Cambridge Observatory.. Had Mr. Airy attended to 
the above, as he ought to hate done, Mr. Adams would have 
enjoyed the undivided merit of being the first discoverer of 
this planet ; anp* we cannot but feel indignant at the apathy 
and negfoot of the Royal Astronomer especially when we 
consider that Mr, Adams made two journeys to Greenwich: 
to explain this matter, and left his papers aid calculations at 
the Observatory. * 

In the Cemptes Bendu*, for June, 1, 1846— -eight months* 
after Mr. Adams had made known, the elements of the pew 
planet's .orbit -to the English aetronomqrt~)& Le Verrier 
gave a memoir on the theory of Uranus, in which he affirmed 
the necessity of admitting the hypothesis of an exterior planet*. 
No elements of the orbit or moss were given, but its longi- 
tude, it was stated, should be, for the beginning of 18£7, about 
925*°. He communicated his principal conclusion to the 
astronomers of the Berlin Observatory on September 23d,: 
and, guided thereby, and comparing the observations with a- 
star map, M. Galle round the planet on the same evening. ., 

Professor Ohallis, before this time, in consequence oaf a, 
laborions research, had actually seen the planet. On Julr 
80th, be went over a zone of the heavens, nine minutes broaaV 
in such a manner^ as to include all slars up to the eleventh 
magnitude. On August 4th, he took a wider zone, and re- ; 
corded a place of the planet. His next observations were on 
August 12th, when ha met with a star of the 8th magnitude, 
in. the zone which he had gone over on July 90th, which- did 
not then contain this star. Of course, this was the planet—*. 
the place of which was thus recorded a second time, in four days 
of observing. A comparison of the observations*)!* JuJy 90th and 
August 12th, would, accordmg-to the principle of search whick 
he employed^ have shown him the planet ;. but he did not make 
the comparison till after the detection of it at.BerJin. Thai 
pknet, however, was secured, and two positions of it recorded* 
•fa: if*dfc* earlier than hi any other c)bser¥at0ry f andia\aayip. 



tematic search expressly undertaken for that purpose, so that 
Mr. CHallis, though not acknowledged as the first discoverer, 
has at least the satisfaction of having seen and recorded the 
position of this new-found 1 planet six weeks earlier than he 
who is considered the real discoverer. 

This planet appears like a star of tht 8th magnitude, and 
consequently may^be seen with a: moderate degree' of magni- 
fying power'; but it will be difficult .to distinguish it from 
small neighbouring stars, unless with ^ very high power, 
when a disk may be perceived. Its distance from the sun is- 
reckoned about 30 times that of the earth, or 2,850,060,000, 
that isi two thousand eight hundred and fifty millions dfrniles* 
or, more than a thousand millions of miles beyond the orbit 
of Uranus. The apparent disk of this planet subtends an. • 
angle of something more than 3 seconds, and its diameter will 
consequently be nearly 60,000 miles. Of course, it is about 
250 times, larger than the 'Earth, and three times larger than 
Uranus.; and above a hundred times larger than the whole 
mass of the Earth and Moon, Venus, Mercury, Mars, Ceres, 
Pallas, Juno, and Veq ta taken together, fk) that here we 
have a planet, which has been hid from the view of mortal* 
in the profundity of space for thousands' of years, exceeding 
in bulk a large retinue of spacious worlds : Jupiter arid Sep- 
tum alone are its superiors. Its apparent motion when dis- 
covered was retrograde at 4 seconds per day. Its revolution 
round the sun is supposed to be accomplished in 190 years. l 

Mr. Lassell of Starfield, near Liverpool, stated that soon 
after its discovery/ he had different views of it, and believes- 
that he may confidently assert that, it is surrounded by a 
Sing like.that'Of.Saturti, placed three diameters from the 
body of the planet. This discovery appears to be confirmed 
by some kte observations of Professor Challis. , " I have 
been able,"., says he, "with the Northumberland telescope, to 
verify Mr. LasselPs suspicions of kiting. I first received 
the impression of a ring on the t2th January, 1847. Two 
independent drawings made by myself, and my assistant Mr. 
Morgan, gave the same representations of its appearance and 
position. The ring isr very little open. Its diameter makes 
an angle in the aouth preceding quadrant of 66 degrees wkh 
the parallel of declination. The ratio of the diameter of the 
ring to that of the planet is by estimation that of 3 to 2. I 
am at a loss to account for my not having noticed the ring 
earlier." • . - , ■■ "- ; 

It also appears that Neptune is attended with at least one 
jofefifte, whicfe Mr. Lassell has several times seen. In a 
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letter dated September 20, 1847, hp informs the editor of the 
Tim* 8, that «* he has ascertained tEe period of this satellite ta 
be 5 days, 20 hours, 50 minutes, 45 seconds. The projected 
orbit is a narrow ellipse, with an -axis inclined to about 28 de- 
crees to the ecliptic, and* with its^emi-aik subtending about 
18 seconds, so that the satellite is about 250,000 miles from 
the planet. This satellite is much brighter in the preceding 
than in the., following half of its path* This variation seems 
to show that one side of the satellite has less light than the 
other, 9 ' It is likewise evident that; this satellite must be m 
body of very considerable sue, otherwise, it could not be visible 
at such an immense distance. It is probably much larger than, 
any of the satellites of Jupiter or Saturn, and may far exceed 
our globe in magnitude. The heliocentric longitude of ihm 
planet, on the 4th of August, 1846, was 336° £9/ and the 
north polar distance 102° 57'. -. 

The discovery of this far distant planet, in the manner in: 
which it was effected, constitutes not only a new era in the 
progress- of celestial science, but also evinces the perspicacity 
of the human intellect, and the certainty and uniformity' of 
those physical laws by which the bodies of the planetary sys- 
tem are directed, and that the law of gravitation is extensive 
in its influence, reaching far beyond what were formerly con- 
sidered the boundaries of our system, and probably exerting* 
its energies throughout all the worlds that roll through the> 
spaces of infinitude. . We have here a new eonfirmation of 
ike theory of universal gravitation. The first step in the 
exhibitipn of that law was, the- discovery made by Newton, 
that the earth attracts the moon> The principle was also; 
found to explain the revolution of the planets round the su*U 
Besides, it was found that the movements of the secondary 

Slanets round ^their primaries are owing to the same cause- 
'he application of this law likewise explained, certain*, ano*- 
mattes in „ the motion of the moon and planets, which Were 
otherwise difficult to account for. A great inequality in the 
movements of Jupiter and Saturn, which was long unaccounted 
for, was at length traced to their reciprocal action on one 
another by the operation of this law. Theefiects Of the attrac 
tioa of planets that ceuk} be observed, and whose names were 
known, were thereby calculated. In respect to the newly 
discovered body— the mean distance and position— the nutes, 
and the form of its orbik Were all unknown. But, by its ob- 
served effects these were all so well determined as to guide 
the observe* almost to the very paint of the heavens where it 
was first seen r Thia fact stands ahaeet alcoe ia the record*- 
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of astronomical science. There has been no discovery of the 
same kijrd before it- m the annals of astronomy, <and it may 
lead to other discoveries of a similar kind; We have now no 
reason 4 to conclude, that we have as yet descried the-utmost 
boundaries of the solar system, since a body of so great mag- 
nitude has been ascertained to exist and to prosecute its 
annual course around /the sun,' at nearly double the distance 
of Uranus. If there be- another planet ot more beyond the 
orbit_of Neptune, the observations of a number of years upon 
the movements of this body may lead to a like result again, 
and to bring to view .other spacious orbs which have hitherto 
been concealed in those distant "regions of space. It is in this 
wray that the Creator crowns the exertions ©f human genius 
-ana the investigation ^of his works with-success — by opening 
to our view a more expansive prospect of his boundless and 
eternal empire. 

The Planet HEBB,-*-The brilliant discovery of the planet 
Neptune by Adams and Le Verrier has been closely followed 
by that of another, which has been detected by M. Hencke 
the ^discoverer of Astraea. On the 1st of July, 1847, at 18 h. 
40 m. p. m., Mr Hencke of Dresden discovered a second star, 
not previously marked in his map, of about the 9th degree of 
magnitude, in 2&7° Q' right ascension, and 3? 42' south 
. declination. This new planet was observed on the 5th Jury, 
from the Observatory of Berlin in the. meridian, and in the 
refracting telescope. This body is considered as belonging 
to- the snifaller planets between Mars and Jupiter. This planet 
has been subsequently observed hy M. Schumacher, M. Encke, 
M. Rumker, Mr. Hind,, Professor Chaillia, Dr. Peterson and 
Mr. Laasell. Mr. Hind has commuted k* elements as fol- 
lows z — 

Epoch of mean anomaly, July, 1847, Gronwfehlnaan time 283° & 54" 

Longitude of perihelion * . . 8° 17' 24" 

Inclination , ■. < . . . . ■ . . . . 137° 2.V 35" 

Eccentricity . ' .238910 

Mean diofpal motion* . ., . . . ... . 886" 

Sidereal period . . . ... • . 4-604 years. 

From these statements it appears that this planet comes 
between T(esta and M. Hencke*s other planet Astraea. It has 
been named Hebfe, following the nomination of the illustrious 
Gauss, to whom the office was delegated by Hencke. ' - 

Wmt Piawet Iris. — On the night of Friday the Mtk of 
August, l$47^otoly about six weeks after the discovery ef 
Hebe ' M t. Hind, the astronomer at Mr. Bishop's abservat^rv, 
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Regent's Park* London, discovered an asteroid, which he he 
Heved was a new planet belonging to the group between Man 
and Jupiter. Subsequent observations mure confirmed the 
_ accuracy of that opinion, and placed beyond doubt this further 
triumph of English astronomers.. Mr* Hind has since 
favoured the scientific world with the following particulars 
of this interesting wanderer, now for the first time recognised 
a* belonging to our solar system. — " In addition to the-IJerlm 
maps," says Mr. Hind, «• which we have revised, and 4n 
some instances corrected, elliptical charts of stars down to the 
10th magnitude have been formed for some of the hours 
of Right Ascension, which it is Mr. Bishop's intention to pub- 
lish as soon, -as they are completed. On the 13th of August, 
.1 compared Wolfe's map with the heavens, and was sur- 
' prised to find an unmarked star of 8.9 magnitude in a posi- 
tion which was examined on June ^23d and July 31st, with- 
out any note being made. The mere existence of a star in a 
position where before there was none visible, would not have 
been sufficient to satisfy me as to its" nature, because during 
an eight-month's search, I have met with very many variable 
stars, a class which I believe to be far more numerous 
than is generally supposed. But, on employing the wire 
micrometer, we were enabled, in less than half an hour, to es- 
tablish its motion, and thus to convince ourselves that I had 
been fortunate enough to discover a pew member of the pla- 
netary system. It may appear to many rather bold to an- 
nounce the existence of a new planet from the detection of -so 
small an amount of motions as 2".5 in right ascension ; but 
such is the firm mounting of the Targe refracting telescope, 
and the perfection- of the micrometers, (for which we ^ave to< 
thank Mr. Dollond,) that a far smaller change would have been 
sufficient to convince us of the nature of the object in ques- 
tion." The following are all the observations yet made :*— 

^ ' h. m. sec. Right. Ascension of Iris. South Declination. 

August 13, 9 39 46 19h. 57m. 30sec. . 13° 27' 2l»5 

10. 37 24* 19 57* 28. ' , 18 27 27.6 

14 "9 23 58 19 56 - 38 ' . ia 29 1'4.0 

15 9 39 19 55 47 13 31 *.3 

- The name Iri* was fixe^d upon by Mr. Bishop as an ap- 
propriate name for this new planet. The symbol adopted for 
«ts designation is a semicircle With an interior star. Mr. 
Hind says, "This planet has been detected hr a systematic 
search instituted expressly with jhe view to the discovery of 
such a body, and commenced in November,' 1846. The 
Berlin, maps were employed as far' as the^ extend; small 
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stars of the 9th- or 10th magnitude? not marked in the maps, 
being inserted from time to time, as they .came under ex- 
amination." Observations of Iris have likewise been made 
by Professor Chailis, Mr. Graham, Dr, Peterson at Altona, 
fa. Rumker at Hamburg, and Professor Encke at Berlin. 

The Planet Flora.— Since the discovery of the planet 
- iris, Mr. Hmd, at Mr. Bishop's observatory, South Villa, 
Regent^ Park, has- discovered another, within little more 
than two toonth? after Iris was discovered. This new body 
was discovered on October 18, 1847. A few hours' obser- 
vation proved it to be a . new planet^the eighth of the re- 
markable group between the orbits of Mars, and Jupiter. 
Since the epoch of discoverythe brightness of the planet has - 
considerably increase^ and now * equals that of a star of the 
eighth magnitude. At Mr. Bishop V request, Sir John Her- 
schel has named k " Flora" with a flower (a rose\ for the 
symbol. This new body has akateen observed by Professor 
x Chains, E. I. Cooper, Esq., Mr. Graham, professor Encke, 
Professor Schumacher,. M. Peterson and M. Rumker. 

' From the ; above statements it appears that three new pri- 
mary planets have been brought to light during the year 
*1847, and that, too, within less than the space of four months, 
the first of them having been discovered on the 1st of July, 
and the third on the 18th of the following October. It is re- 
markable, too, that they all belong to that class of compara- 
tively small bodies, sometimes called Asteroids* which move 
between the orbits Of Mars and Jupiter, afld are all invisible 
to-thenaaked eye. -Those bodies revolve nearly at the same 
distance from the sun, and £he' times of their revolutions round 
the sup are not much different from each Other, and they are 
now found to be at least eight in number. There is a con- 
siderable degree of mystery that hangs over the facteand cir- 
cumstances- connected with these bodies, whicl} prevents us 
from forming precise and definite conceptions respecting their 
nature and destination. It- is generally supposed that they 
once' formed the component parts pf a large ^ planet, which 
formerly revolved near the regions they -now occupy, but, by 
some, powerful internal force, bad beeh disrupted into a num- 
ber of smaller planets, which form the bodies which have 
been lately discovered. How many of. these smaller bodies 
may exist k is now impossible to determine/ since others may 
still be discovered ; for it would be as unreasonable to con- 
clude that we have now discovered the whole of them, as. it 
would have feon when only two 6r three of them were ths* 
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covered. Between the. beginning of 1861; an4 WW* fen* of- 
these bodies had been- detected, but no farther discovery was 
made in reference to them till December* 1845, when Astraea 
was discovered. ' • 

Various inquiries are suggested to the mind when corj- . 
templating the peculiar pnenomena which these 4 bodies 
present. If these small planets once formed the component 
parts of a large planet, at what period did the disruption 
take place ? Was that planet then inhabited ? - And if in- 
habited, what was the fate of its inhabitants ? Were |hey 
entirely destroyed by the awful catastrophe t or, did" the in* 
habitants of the different fragments fly off -along <with that 
portion pf the original planet which they occupied? Are 
these bodies still inhabited? or, are they flyjng like shattered 
masses, and barren deserts, through the voids/ of space I 
And if so, are they ever again to .be repeopled ? . Tp such, 
inquiries/ however, no satisfactory answers can be expected 
while we remain in the present stale. On the othertrand* 
if we do not admit the hypothesis of a large planet havings 
been disrupted, it is yery difficult to account for the present 
position, motions, and other phenomena of these, bodies,, so 
very different from the Harmony, proportion, and order, which, 
characterize the other arrangements 'pf the solar system. As 
already stated, they* are nearly of the.saJme distances from the 
siin, and perform their revolution nearly in. the same periods; 
their orbits are more eccentric, and have amuth greater degree 
of inclination than those of the other planets ; and what is 
very singular and unaccountable, their orbit* dross each other, 
so thai there, is a possibility of these planets impinging ujpoa 
each other in the course of their revolution*. These circum- 
stances seem to indicate that the bodies in question are not 
in that order and arrangement in which we should suppose an* 
all-wise Creator would have placed "them at their original 
creation^so that, whatever view we take of these anonrakms 
bodies, there appears to us something inexplicable, mysterious 
and, incomprehensible,. But we may rest assured thkt their 
present state, whatever It may be, is in fuh\ accordance with 
the wisdom? rectitude, and benevolence of \b& Moral [Go- 
vernor of the Universe. . -.-' "» 

Rapid Progress of Astronomical DiscpvBRYi— Since the 
beginning of the 17th century, a little before the telescope 
was applied to the heavens, no less than' thirtyn^ae-bodies, 
unknown before, have been added to our viewaof the Sofetr 

System* In the year 1608, seven bodies were known, t^o 
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belong to our system, namely*- the Sun and Btooi*, Mercury, 
. Venus, Mars, Jupiter, and Saturn./ In 1700, there had been 
edded eleven moving bodies, namely, four satellites of Jupiter, 
five of Sfttum, the Eartkr itself which was now fully recognised 
as a planet, and Halley's comet, though the prediction had 
not been verified. In 1800, there had been added mne, 
toamejy, Uranus and its six satellites, with two satellites of 
Saturn. These were, all discovered by the late Sir Wm. 
Herschel ; and this celebrated observer, at his death, left the 
sojar system half as" large again, in number of bodies, as he 
found: it. Since the beginning of the year 1800, there have 
been added twelve; namely, Vesta, Juno, Ceres, Pallas, As* 
trsea, Hebe, Iris, Flora, Neptune, the satellite discovered by 
Mr. LasseH as revolving round the planet Neptune, Encke's 
comet, and Bieia's comet. '• - - , 

Notwithstanding the discoveries, which have lately been 
made in the planetary system, and in other regions nxf the 
heavens, we are not to imagine that We have yet arrived at 
boundaries in creation, beyond which we cannot pass. ^Only 
a few years have yet passed since the planet Saturn was con- 
sidered as the utmost boundary of our planetary system* 
whose orbit is 'removed 900 millions of mrfes from the sun. 
But now, planets have been discovered at double and treble 
this distance* at eighteen huqdred millions, and at three thou- 
sand millions of miles from this central luminary, and at such 
immense distances retained in their orbits, and guided by the 
influence of the attractive powers of the sun. The planet 
Neptune moves in an orbit five thousand seven hundred mil- 
lions of miles in 'diameter, and about eighteen thousand mil- 
lions of miles in, circumference ; and were a steam carriage to 
rnove round this vast circle at the Tate of twentymiles an- hour, 
lit would require more than a hundred thousand years before 
it* would complete the Tast circuit. As we, have no reason 
to conclude- that we have not reached: the utmost bounds of 
1 our system, it i« not^at all improbable that planets of a large 
size may exist far beyond the orbit of Neptune, which may 
yet be discovered by the persevering efforts of our astrono- 
mers, and some of which may never be visible fo mortal eyes. 
it will now be more difficult than formerly; to.make delineations 
•of ihe * orbits of the. planets, when tl*ey are intended to be 
represented in the relative proportion? of their distances from 
the sun, unless the! dehneation.be made on a very large scale, 
for otherwise the orbits of Mars, the fiarth* Venus and Mer- 
cury, would appear so close to each other as scarcely to be 
distinguished. • . * 
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On the whole, what further discoveries may yet be made 
: n the celestial regions it is scarcely for us to anticipate. But 
in proportion to the number of those who devote themselves 
to celestial observations, and in proportion to the improve- 
ments that may be made on telescopes, and other instruments 
of observation, may we expect that still more brilliant dis- 
coveries will.be unfolded to- our view.* It is to be hoped, that 
American astronomers wiU, ere long, be instrumental in 
making new discoveries in the heavens, since some of them 
have lately procured most powerful instruments of observa- 
tion. It is to be hoped that Professor Mitchell, of Cincinnati, 
who has .been furnished with an observatory, and an excellent, 
instrument of observation, will soon comply with the requisi- 
tion of Strove, and measure all the double and multiple stars 
south of the equator. It is also confidently expected that 
Mr. Bond of Cambridge, Massachusetts, wilLfollow up his dis- 
covery of analyzing the great nebula of Orion by similar dis- 
coveries in the nebulous regions of the heavens. The great 
Cambridge achromatic telescope is an instrument which 
does honour to the Harvard University," and "to /the United 
States. From what it has already performed, it appears 
scarcely inferior to the monster telescope of the Earl of Rosse, 
64 feet in length, and 6 feet in diameter. - , ' 



BI&EF SKETCH OF THE HISTOBT OF .4STK0B0MY, 

Astronomy was undoubtedly one of the earliest of the 
sciences cultivated by the human race. Some of its fapts 
and first principles must have been known from the beginoiru? 
of the world. For when .the shades of* night have openea 
to view the azure" firmarnent/diversified with a multitude of 
shining orbs— -the moon walking in brightness — ihe planets 
moving in their course*^— and the host of stars displaying their . 
diversified radiance— such a scene must have attracted: the 
attention of every spectator, and led him to. observe their ap- 
parent motions, and to inquire into their order and arrange- 
ment, and their use in measuring the exact length and pro- 
portions of days, and months, and years. Hence our English 
poet, Milton, very properly represents our first progenitors, 
Adam and Eve, celebrating the praises of theif Maker, afte*t 
taking a survey df the nocturnal heavens. „ ^ 
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" These ate thy glorious works,. Patent of Goad, 

Almighty \ fhme this universal frame, 
Thus wond'rous'fatr ; thyself ho*' wond'xous then ! 
Eve. Unspeakable* who sitt'st above these heavens 
To us invisible, or dimly seen - 
In these thy lowest works ; vet these declare. ^ 
Thy goodness beyond thought, and power divine ,**• etc 

Hence we find that Josephus, ia his book of the "Antiqui- 
ties of the Jews," relates that " Seth andi his descendants 
were persons of happy tempers, and lived in peace, employ- 
ing themselves in the study of astronomy, and in other re- 
searches after useful knowledge.'* He also remarks that, 
"God indulged the antediluvians with a long life, that they 
might bring -astronopay and geometry to perfection." And 
the long tires of men, at that period, when many reached the 
age of eight or nine hundred years, had a tendency to improve 
the science of astronomy; since the sarnie individual might 
observe the planet Saturn go through more than thirty revo- ^ 
littions. We have, therefore, reason to conclude that many ' 
of the antediluvians were intelligent astronomers: but their " 
observations, jS they were ever recorded, must have perished 
m the general deluge,' unless Noah, who .was a wise and good 
man, had secured some' of the most valuable* of them in the 
ark, and transmitted the results to "his posterity. 

After the deluge, the nations most noted for the cultivation 
of the science of the heavens were the Chaldeans, the Egyp- 
tians, and the C/hinese- It is remarked % Josephus that 
Abraham was a most attentive observer of the stars ; that he 
was a person of great sagacity, both for understanding all 
things, and persuading his hearers, and that he first brought 
astroitoftiy from Ohaldea into Egypt- . 

The Egyptians appear to- have made some progress in 
astronomy, at as early a period as the Chaldeans. Their Pyra-; 
rnjds, the most ancient monuments in the world, prove their 
skill in praeticsrastronomy, as they are all situated in such a 
manner*, that thei* several sides front very-exactly the four car- 
dinal points^, east, west \ north, and south. The system adopted 
fey the Egyptians was the following: they conceived (hat the 
planets Mercury and Venus revolved like satellites, around 
the sun, their orbits being carried along with him in his revo- . 
tutibn round the earth. They supposed the earth immovable 
as the centre of the system; and the other celestial bodies to 
turn" around the same centre; first the "moon, then the sun, 
about which they supposed Mercury and Venus to revolve, 
next tlie planet Mars, then Jupiter, next to Jupiter, Saturn, 
and lastly the sphere of the fixed stars. The Chinese pre. 

19* - * ' p„, 
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tend that their nation studied astronomy soon after the flood, 
and date their astronomical knowledge from Fohi ? fhe first of 
their kings ; supposed by some to nave been Noah, as it is 
understood that he journeyed with his children in the direc- 
tion of China, .about the tune of the building of the tower of 
Babel. 

Among the Greeks, astronomy was cultivated by Thales, 
the Milesian, Anaxagoras* Anaximander/Pythagoras, Aristar- 
chus and others. P^h^goiaa, who flourished about' five hun- 
dred years before the Christian era, taught that the sun was 
in the centre of the universe ; that the earth is-globular, and 
moves round the sun; that Venus is the morning, as well as 
the evening star; that the moon reflects the sun's rays, and is, 
inhabited; that the stars are worlds, and that comets are 
wandering stars. This is nearly the system which was re- 
stored* by Copernicus, in the fifteenth century. . 

Hipparchus, born at . Nice, in Btfhynia, appears to have 
made considerable advances in the cultivation of every branch 
of astronomy. *He flourished about one hundred and forty 
years before Christ. He was among the first astronomers on 
record who attempted to number the stars, and^to determine 
their exact positions, He was first induced to commence this 
labour in consequence of the, appearance of a new star, in. or- . 
der that succeeding astronomers might learn . whether any 
changes take place in the heavens. ' „ 

PtoJemy, a native of Pelusium, in Egypt, born in the year 
69, is the most ancient astronomer whose works have been 
handed down to our times. .His Abnaffest, or the great com- 
position, is that to which we are indebted, not only forjjiis own 
observations, but for almost all that remains of Hipparchus, 
Aristillus, Timocharis, and the ancient Babylonians. Ac- 
cording to the system of Ptolemy, the earth is immovable in 
the centre of the universe, and -the planets^move.roumi it in 
the following order: first the moon, then Mercury ana* Venus ; 
next to Venus the sun;' then Mars,. Jupiter,, and Saturn, 
in . the order here stated ; and above aH these, the firmament 
of the fixed stars, all which were conceived' as revolving 
around the earth every twenty-four hours. He, supposed 
that the planets moved round the earth, each in a vast solid 
transparent globe, having the planet attached to its surface ; 
and as these transparent spheres did not account for all the 
motions and apparent irregularities of the heavenly bodies, he 
contrived other "an,d still more complicated machinery, such as 
cycles, epicyles, deferents, etc-., m order, if possible, to solve 
appearances. This system , notwithstanding its absurdity, ah 
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its contrariety to the appearances of tye universe, continued 
in vogue, even among the learned, for the space of more than 
one thousand foul hundred years, or till the middle of the fif- 
teenth century/ During this period, a few individuals ap- 
peared who "cultivated astrbnpmy, such as Almansor,. Alma- 
non- and others. among the Arabians; Ulugh Beigh, a prince 
of Tartary ; AIhazen,~an Arab in Spain ; ^lphonso X., king- of 
Castile ; Roger Bacon, and several others ; but they all adopted 
the-ajbsurd hypothesis .oftPtolemy. — < 

' About the beginning. 8f the sixteenth century, Copernicus, 
a bold and original genius, began to be distinguished for, his 
attainments in astronomy^ Perceiving that the clumsy and 
unnatural system of Ptolemy could never account for the 
motions and appearances of the celestial orbs,, he adopted the 
Pythagorean system, which had been broached five hundred 
years before Christ, and wrote a profound treatise in con-* 
firmation of it, entitled* " Astronomy Restored ; or,^ The revo- 
lutions of the Celestial Orbs." With a bold and daring hand, 
he. dashed the Crystalline orbs of- Ptolemy into pieces, swept 
away his cycles, epicycles, arid deferents; placed the sun in 
the centre of the system', removed. the earth from its quiescent 
state, and set it in motion through the regions of the firma- 
ment, in company with the other planetary orbs. This sys- 
tem was. at first, violently opposed, Ixrth by the vulgar, the 
dignitaries of the Romish church, and pretended philoso- 
phers, as contrary both to sense, reason, and Scripture, and 
rnany of its abettors were' subjected fo violent persecutions. 
But- it is now universally received by all men of learning, and 
■by every one who has^ investigated the motions and other 
phenomena of the heavens. It has opened to our view the 
harmony and order of the planetary system, the wisdom and 
intelhgence'of its great Author, and laid the foundation of all the 
discoveries 'which have subsequently been made in this sci- 
ence. It was afterwards ably supported by the writings and 
observations -of Galileo, Kepler,. Gasseridi, . Hevelius, . Huy- 
gens, Cassini r and other celebrated astronomers, by whom 
its principles, have been established on a foundation stable 
and permanent as the laws of the universe. 

About sixty or seventy years after Jhe publication of this 
system,, the invention of the 4ektscope, and' the discoveries 
made with this- instrument %y Galileo, -tended to^ confirm its 
principles, and to expand *mr vie^ws of the sublimity, the va- 
riety, and- multitude of th* objects which the universe dis- 
plays. .This illustrious astronomer first discovered, by his 
telescope, the satellites of Jupiter, thief phases of. Venus, the 
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rs of the sun, and the rotation o£ this globe rpvnd its sjcis^ 
mountains and vales in the moon, the s$ars in the Milky 
Way, and an extraordinary phenomenon, which he imagined 
to be two small globes, connected with the planet Saturn, 
These discoveries were made about the year 1610, soon after 
the telescope 'was invented.-: About forty-eight years after- 
wards, Huygens, a celebrated mathematician and^stronomer, 
in Holland, with telescopes of a much larger size than, those 
of Galileo, discovered* that the phenomenon connected with 
Saturn was, in reality, arf immeese Ting surrounding that 
planet, and "thirty thousand. m#es distant from every part of 
it. He, at the same time, discovered the fourth satellite of 
Saturn? and in these and other observations he; used tele- 
scopes of his own construction of twelve, twenty-three, and 
even 120 feet in length. Some time afterwards, Cassini a 
French astronomer discovered the first, second, ^ third, and 
fifth satellites of Saturn, and the periods of the rotation of 
Mars and Venus. » 

About the period to which we now allude flourished the 
illustrious Sir Isaac Newton, who laid the fomidation of phy- 
sical astronomy, About the year 1606; when in the twenty- 
fourth year of 4iis age, be retired from Gainbridge into the 
country on account of the plague, and sitting one day in an 
orchard, under a tree, an apple happening td fall upon his 
head, led him into a number of reflections. Reflecting on the 
power by -which all terrestrial bodies gravitate towards the 
earth, it occurred to him, that as this power is not sensibly 
diminished in any distance ta which we can recede from the 
earth's centre, there seemed reason to conclude that it ex* 
tended much farther. Jhan it was generally supposed, and 
even might extend as far as the moon ; and if this were true, 
he concluded that her "rnbtion would be influenced by it, and 
that probably k was this' very force which retained her in 
her orbit. Followinjg-out these sublime conceptions-, he began 
the composition of his, immortal work, the "Pfincipia," whiclr 
was published in 1687, in Latin, under the title of "Mathe- 
matical Principles of Natural Philosophy ." He also in- 
dented a reflecting telescope, which bears his name. 

Contemporary with Newton were- Dr. Hooke^Flamstead, 
Haltey, Bradley, Roemer, JEticher, Picard, Muraldi, and others, 
whose labours greatly contributed to the improverflent of as- 
tronomy. Flamstead was the first astronomer royal in the 
Observatory at Oreenwich, and, for nearly half a century 
was assiduous-m his observations of the heavenly bodies. He 
formed a catalogue of more than three thousand stars, witr 
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tKeir tight ascensions, longitudes, solar distance's, and appa- 
rent magnitudes. Roemer, a Danish astronomer, was .the first 
who discovered the progressive* motion of light. By compar- 
ing the eclijSses of the first satellite of* Jupiter with the times of 
their immersions acid eroersionsgiveri by the tables of Cassini, 
hefourid tkat the error of the tables depended on the distance 
between Jupiter and the earth, and hence he concluded that 
the motion of light was not instantaneous, and that it. moved 
across 'the diameter of the earth's orbit in about sixteen 
mmutes, or at the fate of 192,000 miles in a seconcf/ 
m - Few discoveries Were made in- the heavens from the be- 
ginning^ the eighteenth Century till the period when Sir W. 
Herschel applied~bis large telescopes to the spaces of the fir-' 
mament. 'His discoveries bave greatly extended our views 
both of the planetary system, and .of the sidereal -heavens. 
On the lBth March, 1781, he discovered a new planet- be- 
yond the orbit of Saturn, to which he gave the, name of Geor- 
giurn Sidus; but it is now generally distinguished by the 
name of Uranus. Oft the 1 lth January, 1787$ he discovered 
the second and (purth satellites which move round this pla- 
net ; in 1790 and 1794, he discovered four other satellites re- 
volving round the same body. In 1789, he discovered the 
sixth arid seventh satellites of Saturn ; he also determined the 
rotation and figure of this planet— discovered that it had a 
double ring, and' was .marked with several belts parallel to its 
equator. His son, Sir J. Herschel; has also distinguished 
himself by his unwearied, observations' on the heavens. In 
conjunction with Sir J. South, he produced a, catalogue of 
38Grdoubfe stars, whose distances and^ angles of position they 
iiad determined: with the utmost precision. Sir J. Hersehel 
afterwards produced a list of upwards of 3300 double and 
triple stars,. frohV his own solitary observations, accompanied 
with all tbejiiicromstrical measurements ; and, about ten or 
twelve years ago, he went to the Cape of Good Hope for the 
purpose of making observations in the southern ragion of the 
heavens, and made some interesting discoveries. On the^st 
of January, .1801, 'A. Piazzi, a Sicilian astronomer, discovered 
a small planet between the orbits of Mars and Jupiter, which 
has been named Ceres. On the 2§th March, 1803, Dr. 
Olbers, of Bremen, discovered another planet, near the same 
region, which Is named Pallas. On the 1st September, 1804, 
Mr. Harding, of Lilienthal, discovered another^ which is 
named Juno, distinguished for the great eccentricity and incli- 
nation of its orbit, *On the 2«th March, 1807^ fer. Olbers « 
iisCovered a fourth planet, which he named Vesta. The 
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latest discovery of -this kind we have to reco*d wsb made by 
Mr. Hencke, of Driessen, t>n the 8th December, 1845, when 
he discovered another planet somewhat similar to the four 
now mentioned, which is nearly at the same distance from 
the sun, and accomplishes its revolution m nearly the same 
period as the others. This planet has, been named Astraea. 

In the present day there are many distinguished cultivators 
of, astronomical science, from whose observations and re* 
searches new discoveries may he expected. The names of 
South, Hersfchel, Airy, 45myth, Rqbinson, the Eajl of Rosse, 
Schumacher, Sftruve, Harding, Bessel, Avago, and a multi- 
tude of others, are well'knownas distinguished cultivators of 
the science of the heavens. It is to he hoped that the Earl 
of Rosse, by means of the large and splendid telescope he has 
lately erected, will be enabled ta make *n§w discoveries, and 
to enlarge our views of the grandeur of the sidereal heavens* 
He has already analysed some of the nebula?, and shown 
them to consist of immense clusters of stars which could not 
he perceived by any former telescopes; and this, , we would 
hope, is only a prelude to stiH more sublime discoveries. 
What further advances astronomy may. yet make; we daw 
not venture to anticipate. The number of inithriduajs wh# 
devote themselves to this study is gradually increasing; its 
instruments x)f observation, are rapidly improving; and We 
can scarcely set boundaries to the discoveries- that may yet be 
made. In future ages, mair, by the improvements m optical 
and othejr instniments, may be able to penetrate much farther 
into the distant regions of the universe than he has hitherto 
done, and may descry myriads of objects which have hitherto 
remained invisible in the unexplored regions of immensity. 
And after all the discoveries whjch mortals can Jbringto viejw 
firbm this terrestrial sphere, the greater part of the works of 
the' Almighty will still remain to be exploded throughout the 
ages of eternity. , . • 



EXPLANATION 0* ASTRONOMICAL TEEMS. 

., Aberration, an apparent change of plafce in the fixed star? 
which arises from the motion of the earth combined with the 
motion 'of light.; - * .• 

Achernar, a fixed star of the 'first magnitude, in the coll 
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sfteJkfi&ti Eridanus, *.*. L tour, 8& minutw^-Dec. 26 de- 
grees, 16 J minutest * 
, Achroniccd rising or setting of a planet, or star, is when it 
*ses at sunsej* or sets at sunrise. ... 

Aldebvran, a fixed star of. die. fifst magnitude in the head 
of the constellation Taurus ; sometimes called the JBulfs eye* 
, Aeroiitts, or'air-stones, are semi-metallic substances which 
are found .to Jail from the atmosphere in- different countries. 
Some philosophers haveirpagmed that they are the fragments 
of a.planet that had been buipt asunder. ; ■ 

Algol, a star in Medusa's head which varies from -the 
second to the fourth magnitude. 

idlioth, jel fixed, star in the tail of the Great' Bear. 

Almicanttn, imaginary circles-, which are supposed to* be 
drawn parallel to the horizon, and to pass through every de- 
gree of the .meridian, te show the altitude of a celestial object 
above the horizon. , , 

Altitude, the height of ther sun*, moon, or stars, above the 

horizon, reckoned in degrees and minutes, on a vertical Gi'rcle. 

. Afnphxseii, a name given to the inhabitants of the torrid 

zone, on account of their shadows falling at one time of the 

year towards thraonth, and aj another4ime towards the north. 

Amplitude, an arc of the horizon, contained^ between the 
east or west point of the*. heavens, and the centre of the sua 
cor a^feiar a^tho time of-its rising or setting. I 

Anomaly, (the true,) the distance of a planet, in signs* 
degrees, etc., from. that point of its orbit which, is farthest 
from the sun. The mean anomaly is, tjiat whkb Would take 
place if the planet moved uniformly in the, circumference of 
a circle. '- , ; . . \ • 

Antoecit a name given to those inhabitants of th? earth, who 
live under the same meridian, and at equal distances from 
the equator* but On opposite sides of it. ' \ > . z~ ' - 

Antipodes, those inhabitants of the. earth who live diametri- 
cally-opposite to each jotber, or walk feet Co Jeet, on opposite 
jades^ofihe globe* ~ . 

Aphelion* that paint nVihe -orbit of a planet in which it is 
at its greatest distance from the sun. 

Apogee, that, point in which theann, or a planet, is farthest 
distant from the earth. ; . ^ r >• 

Apsides, the two -most remote points of a planet's orbit, 
otherwise termed its aphelion and perihelion. A line joining 
those points is,' the line of the apsides. " ' _ ' - y 

Armiliary sphere, an instrument composed of the principal 
circles which are drawn on a^uarttfiqal globe*. 1 

_ 
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AseU, the inhabitants of the torrid zone $ sc tailed because 
the sun being twice a year in- their zenith* their todies at 
those times cast no shadow. - 

Axis of the earth, or of a planet; an imaginary Une passing 
through the centre from one pole to another, round which 
they perform their diurnal rotation. 

Azimuths, great circles which pass through the zenith and 
nadir, perpendicular to the horizon.. The azimuth of a ce- 
lestial body is an arc of the horizon contained between the 
east and west points, and a vertical circle passing through the 
centre of that object. 

Belts, zones surrounding the body of Jupiter and Saturn. 

Bissextile, (or Leap Year,) which happens -every -fourth 
year* contains 866 days ; one day being, added to the month 
of February. •• - , 

Cardinal points of the compass; the east, west, north, and 
south points. 

Cardinal paints of the ecliptic ; the first- points of the signs, 
Aries, Cancer, Libra, and Capricorn. 

Centrifugal forte, that force by which any revolving body 
endeavours to fly off from the ceptre of motion in a tangent to 
the- circle it describes. v 

Centripetal force, the tendency which a body .has to. the 
centre c/ its revolution. v 

- Comets, erratic bodies belonging to our system, which 
move - round the sun in very eccentric orbils, distinguished 
by their.fiery tails and nebulous-Aspects^ 

Colures, two imaginary circles, or meridians, one of which 
passes through the solstitial points Cancer and Capricorn, and 
the other thsough the equinoctial points Aries and Libra. . 

Conjunction, is when tw6 or more stars, or planets r are in 
the same part t>f the heavens.^ 

Constellation, an assemblage of stars. . 

Cosmical rising or setting of *' planet, or. star, is when- it 
rises with the sun in the morning? or sets with him in the 
evening. , - < ' ' . • . , 

Crystalline heavens, two* solid orbs by means of which 
the ancients attempted to account for the apparent motions of 
the fixed stars. . '. 

Cusps, the points/ or horns of the moon for of a planet. 

Cycle of the moon, a revolution of nineteen years, ia which 
time the conjunction- and lunar aspects are nearly the-same 
as they were-nineteen. years Jbefore. ' >> ,- 
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Xfoy, (a8jtronomical,)-the time between two success] ve transits 
of the sun's centre over tfie same meridian, whieh always 
begins and ends at noon. 

Dayr (sidereal,) Che time wluch elapses during the rota- 
tion of the earth from one star till it returns to the same star 
again, and consists of 23 hours, 56 minutes, 4 seconds. 

Dtclinatiofi is The distance of any celestial object north or 
south from fhe equator*, reckoned in degrees, minutes, etc*, 
upon a circle which is perpendicular to it. ■ > 

Degree^the 860th part of a circle, or the 30th part of a 
sign. , . 

Disk of the sun, or moon, is jts round face, which, on ac- 
count of the great distance of the object, appears hat. 

Digit, the 12th part, of the sun's diameter, which is used 
in the calculation of eclipses. - 

Diurnal motion of the earth, its rotation on its i 



Eccentricity, the distance between the centre of a planet's 
orbit, and the focus-round which it revolves* 

Eclipse, a deprivation of the" light of the suri,.by the inter- 
position of the moon ; or of the fight of the moon, by the in- 
terposition of the earth. ,;.'■-- 
• Ecliptic* a great circle m the heavens through which the 
sun apparently make% : his annual revolution { but which is in 
reality the earths path round the sun. It makes an angle 
with the equator of 23 degrees, 28 minutes. - 

Elongation+ihe annular distance of a planet from the sun, 
as it appears* from the earth. It is applied onfy to the inferior 
planets, Mercury an<J Venus. *■-..■* 

Emersion, the re-appearance of a celestial body after hav- 
ing been eclipsed.. 

Equation of time, the difference between real and apparent 
time, or between that shown by a true clock ana* a sun-dial. 
It depends on the obliquity of^he ecliptic, combined with the 
unequal motion of the earth in its orbit. 

Equator, or a great circle of the*earth wMch separates the 
northern from, the southern hemisphere* When referred to 
the heavens, it is called the Equinoctial, 

Equinoxe?, two opposite points in Aries and Libra, where 
the ecliptic eu$s the- equinoctial. When 'the sun is in these 
points the days and nights are equal to each other. 

Foci of ari ellipse, 'two- points in the longest, or transverse 
axis, on each side of the centre ; from each of which if any 
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•two lines be drawn to meet eaeb other in the eweumference, 
their sum- will be equal to^the transverse axis*, . 

Galaxy, or the Milky Way, a luminous and irregular zone 
wnich. encompasses* the heavens, whitfh is found to be com* 
posed of an immense number 6( star* 
* Geocentric place of a planet, is that position Which k has 
when eeen from the earth. 

Gibbous, a;term used in reference tor the enlightened- part 
of the moonf from the first qaarter to the-fall, and from the 
full to the third quarter. 

Gravity or Gravitation, that face by which all ntissea of 
matter tend towards each other. .— 

Halor a luminous circle round the body of the sun, ormoon. 

Heliacal rising of a star, is when it emeiges from the sun's 

rays, and appears above the horizon before him in the morn- 

Heliacal setting of a star, is when it is so hid in the sun's 
beams as not to be seen above the horizon after him in the 
eveniog. ' , 

Heliocentric place of a planet, is that in whioh it would 
appear to a spectator placed in the sun. 

^Hemisphere, the half of a glebe or sphere. 

Het$rosm, a name given to the inhabitants of the ten> 
perate zones, because their shadows at noon always fall one 
way. ^ * - • 

Horizon* (the* sensible,) a^ circle which separates the visi- 
ble from the invisible hemisphere, and forms the boundary 
4f our sight. 

Horizon, (the rational,} a great cfrcle yfcieh is parallel to 
the fornter^and whose poles-are the aeaith and the nadir. 
.- Hour oirtUs, the same as, rireridktes^mar^ting the. Hours. 

Immersion, the moment when as eclipse begins, or when 
a planet enters* into the shadoof of the body that eoHpees it.' 

Inclination* the angle which the orbit of tine planet make* 
with thatof another, or with the plane of tfce ecliptic. 

Inferior planets* those >thai~ move at a less distance • from 
jthe sun than tha earth, whioh are Mercury and Venus. 

Latitude of a place,, its distance from the equator^ reckoned 
in degrees and nynutes upon the arc of a ^reat circle. 

Latitude of a star, or planet, is its distance from the eclip- 
tic, reckoned in degrees, etc.; on the arc of a great circle* 
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Lesser ( Xr$h* *o£*ik» sphere, those whose planes do t no$ 
pass through -the centre, and which divide the sphere into 
two unequal parts. < Ores/ circles, as Hie equator, meridians, 
etc., divide die sphere into two -equal parts. k > 

LibrutionxA the moeo, an "* apparent iu^gularity in. her 
motion on her axis, by which we sometimes see more than the 
usual half of her disk.- ' 

Longitude of a place, its distance east or west fcorn the 
first meridian, reckoned in degrees, etc., upon the equator. 
, Longitude of a star or planet, its distance from the first 
point of Aries* reckoned in degrees, etc, upon the ecliptic 

Lunation, tae time between .one ney moon and another; 
which is* on an average, 29 days, 13 hour*, 44 minutes, 8 
seconds. ^ 

Macvix, dark spots which % apj>ear on the face of the sun-; 
and' Faculm are height spots sometimes seen on the solar disk. 

Magellanic* clouds,, certain whitish appearances in the 
heavens, in the .southern hemisphere, supposed to consist 
either of an immense number of stars, or nebula?* 
' Magnitudes, the stats are divided Into six classes* the 
brightest are called stars of the first magnitude ; the next in 
brightness, the second magnitude, etc - 

mean motion of a planet*, that which would take, place if it* 
moved in a perfect circle, and equally every day. 

Meridian, a great circle of the rfpheW«vhioh passes through 
the zenith and the poles, and perpendicular to the horizon, . 
'" Micrometer yan instrument fitted to a telescope to measure 
very small angles ; as the diameters of the planets, etc* 

Nadir, that point in the heavens directly opposite' to the 
zenith, or immediately finder our feet. 

Nebfulm, luminous spots in the heavens, or clusters of small 
tjts^s, discovered, by the telescope. „ - - . 

Nocturnal arc* that space of the heavens* which the sun 
apparently describes from the time of bis setting to his rising. 

Nodes, two points when the ofbh of the moon, or of ^ planet, 
intersects. the plane of the ecliptic. 

Nucleus, a term used to denote the head of a comet. 

Oblique- ascension, an arc of the equinoctial contained 
between the first degree of Aries, and-that point of it which 
tfees with the centre of the sun? or star* 

Obtiqu&spfare, that position trf the globe in which.eithe* 
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of tfee poles is elevated above ti*e horizon any number ot de- 
grees lesi than ninety. *, 

Occupation is when a star, or planet, is hid fifom oar sight 
by the interposition of the moon or some other planet.. 

Opposition, an aspect of the stars or planets when they are 
180 degrees distant from each other, marked thus 5. 

Orbit, the curve -which a planet describes m Hs^evol ution 
round the sun. 

Parallax, the difference of the place of any celestial object, 
as seen from the surface of the earth, end from its centre; . 

Parallax o/4he earth 9 $ mmual orbit, the -angle at any 
planet subtended by the distance between the earth and the 
iun. 

Parotid* of. latitude, stnall circles of the sphere which are 
drawn parallel to the equator. 

Benrwibra, a faint sfeadow observed between the perfect 
shadov and the full light in an eclipse. 

Pengee, that point ot the solar end lunar orbit which is 
nearest the erfrth. «- .-'•*% 

Perihelion, that point of the orbit of e planet nearest the 
sun. * \. . . s 

Periscii, the inhabitants of the frigid zones* because. their 
shadows «go round them for six months, or fell towards oppo- 
site points of the compass. x 

Phases, the different appearances of the illuminated parts 
of the moon, or planets. _ _\ 

Phttforhenony'way extraordinary appearance Jn the hea- 
vens ; as a comet, etc. 

Planetarium, an astronomical machine for showing the^ 
motions and other phenomena of the planets. 

Pteiudet,, or the seven stars, an assemblage of stars in the 
constellation of Taurus. 

Polar circles, two small circles, 33 degrees and a half from 
the poles ; the arctic in the north and the antarctic in the 
south. 

Pole star,* star of the second 'magnitude in the tail of the 
Little Bear ; so called, because it is near the -north pok. 

Precession of the equinoxes, a slow motioir of the tw<j points 
where the equator intersects the ecliptic, which go backwards 
about 50 seconds in a year. c 

. Quadrant, the fourth part of a circle ; or an instrument K for 
fiieasuring angles, and taking the akitudea of t^e. eun ind 
ether heavenly ^bodies. -*-/-. .. — - 
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" Q um frt tfu re, thai position of *he moon when distant 90 
degrees from the sun; as in the first anfl third quarters. 

Refraction, ^ hendmg of the rays of light in passing 
through the atmosphere, by which the heavenly bodies ap- 
pear more efevated Chan they really are* 

Betro grade, an apparent motion of the planets, in some 
parts of their orbits, when they seen* Id go backwards, or 
contrary to the order of the signs. ^. 

Right ascension is that degree of the equator wbfchreomes 
to the meridian with the sun, moon, or star, reckoning from 
the first point of Aries. . 

Rotoitmhtke motion of any heavenly body round its axis. 
■ \ V '-' ' ' .' : <• 

Satellite, secondary planets, or moons, which rerolvjRrownd 
the primary planers. ' 

Sextile, an aspect of, the \heavenly bodies, when^they are 
60 degrees distant from each other, ~ . 

Sidereal, of or belonging to the stars. . 

Solstitial point*, (he first degree of Cancer and Capricorn 
At which the ecliptic touches the tropics. „ 

Selenography, a representation of the moon*, with a de- 
scription of her different spots and appearances. 
, Sigjiy the twelfth part of the ecliptic, or $0 degrees. 

Sphere, the concavity of the heavens in which the stars 
appear. '" • ' " \ , 

Superior planets, those . which move at & furthej distance 
{torn the sun than the earth; as Mars* Jupiter t etc. . \ 
i System, a number of bodies revolving round a Common 
centre, as the planets round the sun. 

Syzigy, * term usually applied to the moon, when in 
opposition, or in conjunction, or when at the new or full. 

Telescope, an optical instrument for the purpose of viewing 
distant objects, particularly the sun, moon, planets, and stars. 
Telescopes produce their" effects, either by refraction through 
glasses, or reflection from speculums. 

^Telescopic stdrf, those stars which* are. only: visible by 
means of telescopes? All stars beyond those ef the sixth 
magnitude are reckoned telescopic stars. ' 

Torrid zone, that part of the- earth \yhich is contained 
between the two tropics. / * 

, Drajec^ory, a term applied to the^orbk of a comet. 

Transit of a planet denotes its passing over another planet, 
or star, or across the disk of the sun.- ._•. 
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7W*te, an.-aapeet of the planets whe* thaf am 19(Hegjeee 
distant front each other - 

Tropic*, two circles parallel to the ecjuatervand 9ft degrees 
28 minutes distant en eaeii side of at. They are. named 
Cancer on the north, and Capricorn on the south* 

Vettor Jladiu*t fc line supposed to be draw* from^aay 
planet to the sun, which, moviig with the pkftet, describes 
equal areas in equal time*. 

Vertical circle** the same- as acimuth circle** ©t such at 
are drawn perpendicular to the horizon, • - " 

Prfmi vertical » that rtktfuth eirele which passes tfcsxagh 
the east and west points of the horizon. 

Tear, (the solar*) the time which the sun takes to pass 
from one tropic till it returns to the saifoe again, and is 365 
days* 6 hours, 48 minutes, 49 seconds. 

Fear, (sidereal,) the time which the aun takes to/pass from 
any fixed star te the same again, and is 365 days* $, hours, 9 
minutes, 9 seconds*" '. ' . ' ' 

' 'TBtydtK, that -point of the heavens knmediately over head. 

Zodiac, a zone surrounding the heavens, 18 degrees broad, 
ji the middle of which is the ecliptic. The orbits of all the 
old planets are included in thia zone. 

Zbdiacal light, a brightness sometimes observed in the 
heavens, somewhat similar to the Milky Jv*ay> 

Zorte r ^, division of the sphere between two parallels of 
latitude. There are five zones ; one torrid, two, temperate, 
and two frigid. '■> " , ' 



• IV. 

tHE TELESCOPES, 

Aa those who have acquired a teste forcejastial obsefva 
tions, may wish to know something respecting t&* telescope, 
we subjoin the following very brief description. 

There are J wo kind* of tettscopea generally distinguished, 
— the refracting and the reflecting telescope, the former com* 
posed of lenses, or convex glasses, and the-latter ef apeeufams 
of mirrors combined jrith lenses* A common refracting tele-* 
scope, for viewing some*/ the celestial bodies, nsay ^e co»« 

Digitized by VjOOQIC 



THE TXLB800PS* 286 

strueted as McKvs :— Procure a convex glass, whose focal 
distance is. about tkree feet. This may. be Known by holding 
the £lass in the sun's rays, and measuring the distance 
between* the, glass iand the- -place where the solar rays are 
condensed into a small spot. Race this lens at the end of 
a tube about three feet two inches long; in which there is a 
small sliding tube for fixing. the eye-glass, and adjusting the 
focus for distinct vision. &t the distance of three feet one 
tnch, place a convex glass one inch focal distance. The ob- 
ject glass will "form a picture, in its focus* of all the objects 
whichare directly opposite to. it, and this picture will be seen 
magnified in looking*through the eye-glass. The magnifying 
power, in this case, will be in the proportion of three feet, or 
thirty -six inches to one inch; that is r ^the instrument will 
magnify the diameters of all objects thirty-«ix times* or make 
them appear thirty-six times nearer than when viewed by the 
naked eye; but as the image formed by the object-glass ia 
in an inverted position, all terrestrial objects will appear 
through it as turned upside down. The opening at the ob- 
ject-glass, which lets in the light, should not exceed an inch 
m diameter. ^ • ; . 

, With such a telescope, which may' be constructed for five 
6f «ix shillings, if the tubes be made of paper or pasteboard, 
the satellites of Jupiter, the crescent of Venus, the solar spots, 
and the inequalities oh the surface of the; moon may be dis- 
tinguished. Galileo's telescope, with which he made the 
first discoveries in the heavens, did not magnify more than 
such a telescope. . ' ^ 
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_ : PART J. 

• " ' ■ f ,. r ; 

THB NATURE, PROPERTIES, AND BENEFICIAL EFFECTS OF "TWE 
ATMOSPHERE IN THE SYSTEM OF NATURE, AND tfHE EVI- 
DENCES WHICH ^TS CONSTITUTION AFFORDS OF THE WIS- 
DOM AND BENEFICENCE OF THE CREATOR. 

I - ' ' ., > >.»'., 

,; usnntobTJOTioik ... 

AiX the w^rks of God, thimrghout the immensity of the 
universe, display the, character, perfections, and agency of 
the Supreme Creator, to every rational, and Christian mind 
that surveys them with attention- and intelligence, ^ron* 
the magnificent luminaries, of heaven to the comparatively 
small globe on which we dwell, and the- smallest microscopic 
animalcule that glides through its waters, we perceive the 
impress of omnipotence and ekill, which, infinitely, surpass 
all the puny labours and inventions' of man. -^hese works 
were evidently intended by their Divine Author to be inves- 
tigated, contemplated^and admired by aft* his intelligent ofT- 
spiingv tiiat theik conceptions, of the Divine character may be 
expanded, and that they .may be led to give unto Him "the 
glory due unto his' name," ; The enlightened Christian, there* 
fo|e, ought to devote a portion of his time and attention* to the 
study and contemplation of the works of God, not only as a _ 
rational ,amusernent,-but as a solemn duty ; fQr, in numerous 
passages in the .sacred: records, this duty is expressly incut 
eated : "->Lift up yeur v eyes on hijgh, and -behold who hath 
created these things" — * Stand still, and, consider the won- 
drous works of God"-*--" The. works of the Lord are great, 
sought out of alT them that have pleasure therein"-— "Gteai 
and marseliojas are tyy works, Lojfd.Goid Almighty." 
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When wo look around on the surface of the earth, and be- 
hold the beautiful and sublime landscapes which diversify its 
aspect, the variety of colours with which it is adorned, the 
myriads of trees, shrubs, and flowers which spring from ha 
surface, and the rich perfumes they shed around them— -the 
numerous animated beings which traverse the. air, the ocean, 
and the earth, and the ample provision which is- made for 
their subsistence and comfort — we can scarcely fail of being 
impressed, with the conviction, that the Creator is a being of 
unbounded beneficence, that <* His tender merries are aver all 
his works," and that the happiness of his sensitive and intel- 
ligent offspring is one great end of aU his arrangements* 
When we consider the curious and exquisite structure of all 
the vegetable tribes, the numerous vessels with which they 
axe furnished, the thousands of delicate tubes, invisible to the 
naked eye, through which, their sap and jukes are continually 
flowing to the leaves ana 4 branches, the millions of pores through 
which they shed (heir delicious odours, and the curious con- 
texture and the numerous beauties which the. microscope 
alone carf discover in their leaves, prickles, stamens, petals, 
and flowers :— when we consider the numerous orders of ani- 
mated beinga— tbe wonderful diversity .of structure they ex- 
hibit, in their eyes, eags, feet, joints, elawnrftinga, and move- 
ments—their numberless contrivances which eoiefr into their 
iodsttuction and functions— the thousands of adjustments, 
adaptations, borings, claspings,and poftshings, which entgr 
into the body of an animal athooeand times legs than a mite— • 
the adaptation of all these contrivances to the purposes of life, 
motion; nnti enjoyment, and their correspondence Jo the sur- 
rounding elements in which such creatures pass their exist* 
•nee :— end, in particular, when we contemplate the structure 
and functions or our own corporeal frame* ; the -hundreds ctf 
bones of different shapes, and' sizes which support it; the 
hundreds of muscles of different conformation, which give 
motion to its different parts j the thousands of glands, .secret* 
mg humours of various kinds from the blood ; the thousands 
of lacteal and lymphatic tubes, absorbing and conveying' wh 
triment to the circulating fluid ; the millions of pores,, through 
w^ich the perspiration is. continually flowing ; the infinite 
ramification of nerves, diflusing sensation throughout all the 
parts of this exquisite machine ; and the -numerous veins and 
arteries which convey the whole mass of blood through every 
part of the ' body ten -times every hour :— when we consider 
these adaptations and Arrangements throughout the. vegeta- 
ble and the animal Jdngdoms, we perceive the marie* gf a 
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Divine intelligence and skill, which completely throw into 
the shade the most exquisite contrivances of. human genius, 
* and which convince us that the wisdom of the Creator is tn* 
,/fotfc^and «Mus ways past finding out." v 
. In short, when we Eft our eyes beyond the ooundaries of 
the globe on which we dwell, and look upwards to that bound* 
less firmament where- suns unnumbered shine, and planets 
and comets run their ample rounds—when we behold tea 
thousand times ten-thousand of luminous and opaque globes 
of vast dimensions, scattered in magnificent profusion through- 
out every region.of infinite space i when we contemplate the 
sun occupying a space which would hold one million three 
hundred thousand worlds such as ours ; and when, we con- 
template globes fourteen hundred times larger than our world, 
flying through the voids 'of space with a velocity of thirty 
thousand miles an -hour, and carrying along with them iu 
their rapid career a retinue of surrounding worlds— we be- 
hold the effects of a Power which all the subordinate intelli- 
gences in the universe can never contkol, a power before 
Which the mightiest achievements of human art sink into the 
came scale- with the flutterings of a microscopic animalcule ; 
a power which astonishes and confounds the imagination, 
which seta at defiance human calculations, but which con- 
veys to the mind a most impressive idea of the grandeur of 
the Divine Being, and of the magnificence of that universe 
which his hands have formed! / 

f . It is net.merely in the scenes of the visible world that the 
attributes of Deity are conspicuously displayed. Even in .the 
invisible regions ef creation, which are impalpable to the organs 
of human vision, the perfections of the Eternal Mind are no 
less apparent to the philosophic and Christian inquirer, than 
in those external scenes' of beauty and magnificence which 
arrest the attention of .every spectator. Could we descend to 
the central regions of our globe, and contemplate the processes 
which are going en in. those unexplored and unexplorable 
recesses ; eould we penetrate into the depths of the ocean* 
and survey. the- multiplicity of objects which he concealed in 
ks unfathomable caverns ; could we ascend on the wings of 
the wind with the vapours which rise from its surface, and 
contemplate all the regions and transformations through which 
they pass, till they again descend in refreshing rains en the 
mountains and vales ; could we wing our flight beyond the 
denser regions of the/ atmosphere into "those places where 
fire^balls-and shooting-stars have their origin* and where the, 
aurora. borealis displays its fantastic coruscations ; could wo 
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ascend to tBe ethereal spaces which intervene between v# 
and the celestial bodies, and investigate thc^ apparently 
empty regions which surround the atmospheres of all the 
planets ; or, could we penetrate into the chemical process** 
and changes which are incessantly going on^atnong the in- 
visible atoms of matter, m the union an4 disunion of the dffc 
ferent gases, in the various mortification* of crystallization, in 
the circulation of the sap ami juices hi the mmutest-fiowersy 
and in the internal' Teasels of microscopic animalcules ; we 
should doubtless behold the operations of a l¥isdom and' Ijp^ 
telfigence no less admirable and astonishing than what is die- 
played in the visible scenes of nature which are obvious to 
every eye. 

Of those invisible regions of nature now alluded to, the 
ATM06PHERX is one fa which we are particularly interested, 
and which exhibits a striking scene of Divine wisdom and 
beneficence. 

The term atmosphere may be defined to be *that body of 
air, vapours, electric fluid, and* other substances which sur- 
rounds the earth to a certain height; 19 This mass of fluid 
matter gravitates towards the earth; presses upon its surface 
with a certain force, revolves with k in>jts diurnal rotation, 
and is carried along with it in its course round the-sun, at the 
rate of sixty-eight thousand milejs ah hour. This fluid mass 
is invisible to the corporeal organs ; and hence, the great bodjf 
of mankind are apt to imagine that the regions around us, in 
which the birds fly, and the clouds move, are nothing else than 
empty space ; and," were it not that they sometimes' hear ite 
sound in the breeze, and feel its efiecte fa the whirlwind and 
thfe storm, they would be disposed tadeny that such -a thing 
as the atmosphere had an existence*' There is, however^ 
no appendage to our globe which is so essentially requisite to 
the comfort, and' even to the . very existence of animated 
beings ; for, were the earth and the ocean, the' springs and 
the fivers, to remain as they now are, but were the himd of 
Omnipotence to detach from *our globe the atmosphere with 
which it' is now environed, it is absolutely certain that, in n 
few minutes, and after a few sighs and groans, $11 the eight 
hundred millions of men that now people the earth, and atf 
the other animated beings that traverse the air, the waters, 
and the' land, would sink into the slumbers of death, and dis- 
appear fpr ^ever from the living world. 

In elucidating this subject, the observations that will be 
made' may be arranged under the* following hefidk:— 
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f. *Bi pmfe tfc*t t *jr;e»sts,sarf^b^it * * Mttiftat «ob» 

Stance* '••••' *< 

If. To eonside? ii« weight or gravity, and the fotce witk 
' which it presses on aU bodies on the sutfece of the 
1 :earth.~> ^ * 

III. To exhibit Several iacte which the pressure of the at- 

inosphere tends to illustrate. 
TvV To ifluitrate the elasticity ef the afe and the effects k 

-produces. ^ 

~*fT. To offer some considerations for ilhwtrarting the height 
of the ajtmosphere, or Its operation above tie svr&oe of 
the efetth, • , >- •* 

VI. To illustrate -its composition ; or, the chemical prhv 
.'■, cipfes ofswbich eommeti atmospberioal air i» composed* 

VII. To illustrate its beneficial effects ra Ae -system of 
nature. , ^ . > 

VIIL To exhibit tl>e evidences which ks constitution affords 
*r o/*ije wisdom and benevolence o£ tbe Creator. 



PHAPTER I, 

AIR IS A MATERIAL SUBSTANCE. 

Tke v first Inquiry, then* is, What Is that air* of the import- 
ance of whieli we beer so m«oh asserted f We see nothing, 
it may be said— ^we/<9*/ nothing. We feel burselvefeat liberty 
to move about without any let or hindrance. Whence, then, 
the assertion that wer^re. surrounded by a substance called 
*ir ? * A few fects and illustrations only will be "sufficient to 
-dfcddate tfeis *oeition. ' - . / 

* 1. If #e take 4 red, jmd make it pass-rapidiy through what 
appears empty space, we shall hear a sound and (eel a alight 
^resistance, as if something had intervened to prevent the mo- 
tion of the rod. ~ '-^ ; 

' ■ M. If we tak« a large fan, or an ^rab*elhr> when fully 
stretched, and- push it forcibly from us, we shall 1eel a very 
Considerable resistance, and; a person opposite will feel a ce*. 
4am impression made upon hie face, as if some, substance had 
tome in contact with it. Were we to take a very large umbrella 
from tweke 4e fifteen feet diameter— and stand on * the 



top of a high stair, or a building, twenty- or thirty feet hig£f* 
Wt teight jump Aom sadh a pee rtio»v while we £eld it IWly 
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tiretcked^aad gradually defend to the giouiid without vio- 
lence or injury* It is on this principle that the instrument 
called a parachute .is constructed, by means of whidh an 
aeronaut, while pursuing his aerial excursions, has left his 
balloon, when elevated nearly a, mile above the surface of the 
earth, and descended in a few n>ioutes.to the ground, without 
shock or accident. Perhaps some contrivance of this kind 
might be useful fc> prevent accidents in the casp of fires in 
large towns— when persons have attempted to jump from the 
windows of a third story to preserve themselves frota, being 
involved and destroyed in the burning mass. . The circum- 
stances now stated prove, thatHbere is a certain material sub- 
stance, though invisible, around us, which offers a sensible 
resistance to any body having a large surface when jt is 
pushed rapidly through it. ■ j ' . y 

3. That air is a material substance, appears from its ex- 
cluding all other , bodies from the place it occupies. Thus, 
if we take a glass jar, and plunge it with jts mouth down- 
wards into a vessel of water,, only a very small quantity pf 
water will get into the jar, because the air, of which -the jar 
is full, keeps the water out ; otherwise, if it were empty of 
every material substance, the water would rush in and com- 
pletely fill the jar* Hence, we may learn why a vessel cannot 
be filled with water by plunging its. orifice downward, and 
why a funnel, if its pipe fit closely to the neck of a bottle, is 
not convenient for pouring off liquors ; for, in order to put 
water or wine into a botue, the air /must pass between the 
neck of the bottle and the funnel, to let the air out as jfie water 
rushes. in; And hence* the practice in such cases* suggested 
by necessity, of pulling up the funnel a little when the liquor 
stops, in order to let the air rush out between. the pipe and the 
neck of the bottle. It is on the principle now; stated, that 
the diving bell is constructed, by. which a person may de- 
scend to a considerable depth into the sea, and yet not be im- 
mersed in. water, nor deprived of air for breathing.; 

4« If we take a smooth cylindrical tube shut at one end, 
and fit a plug or cork exactly to its open end, sd as to slide 
along it, it the plug be so tight and soajtdd with grease, as to 
prevent aH passage of any fluid by its sides, we shall fin<I that 
no force, whatever can push it to the bottom of the tube. There 
is, therefore, something within the tube*, though invisible, 
which presents the entry of the plug, and, therefore* pos- 
sessing the. characteristic of matter, and Jttys something is 
air. > ,- T - .. ? 

, . & Let us take apux of common belloWs, and, after having 
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opened them, if we shut up ihe nozzle and valve-hola, and 

Stp bring the "boards together, we shall find it impossible, 
ere is -something included that prevents this,4n the same 
manner as if the bellows were -filled with jflax or wool ; but, 
on opening the nozzle', we can easily shut them by expelling 
this something that* is withift, which will issue with consi- 
derable force, and impel any thing that lies in its way. This 
something can be nothing eke than the air of the atrao* 
sphere. " 

0. The air, though for the most part invisible, may, in cer-i 
tain cases, be rendered arf object of sight If we take a. tele- 
scope of high magnifying power, and, in the forenoon of a hot 
summer day; when the sun is shining, look*through it' to dis- 
tant objects, vwe shall perceiye the air undulating about the 
objects somewhat like' the waves of the sea, and rendering 
them undefined and obscure. This is -the principal reason 
why very 3iigh magnifying powers 'cannot be used, with 
effect, on. telescopes for land objects, in ti^e day-jime* when 
the sun produces undulations m the atmosphere.; and the 
same' cause frequently prevents distinct vision of oelestial ob- 
jects. . . ' " ' ^ ' • 

The above -are clear proofs that the air, though not generally 
an object of sight, is, in reatity, a'materjal substance, as much 
so as water, woody stones, or iron. This substance, in a state 
of rest, we call air ; in -a' state of motion, we call it wind ; and, 
in this state, jts force is sometimes so great as to drive our 
wind-mills; impel our ships across the ocean, and' even to 
overturn buildings, to tear up from their roots the Jargest 
trees, and to dash whole fleets -to;pieces of wreck. 



; CHAPTER II. 

THE WEIGHT AND PRESSURE OF THE ATMOSPHERE', AND THE 
QUANTITY OF MATTER IT CONTAINS. \ 

As air is demonstrated to be, a bodj^ like all other material 
substances, it must have weight, and the proportion its weight 
bears to^otherTcnown substances is determined by experiment. 
If a bottle which contains about a quart be emptied of its air 
by means of an air-pump, or in *ny other way, and then 
accurately . weighed in a nice balance, it will- be found to be 
about sixteen grains lighter, than it was before it was emptied 

Vol. X. B zed ^ 
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of its' air, which shows that a quart of air weighfe srxtee 
grains. A quart of water weight about 14,020 grains* or 
nearly two pounds. If this last number bedivided-by six- 
teen, the quotient will be nine hundred and thirteen, which 
shows that air is nine hundred and thirteen times lighter than 
water ; or, in other words, that it would- require above nine 
hundred quart-bottles of uir to weigh one quart-bo^tte of water. 
Other experiments which have been mtfde to- determine this 

Joint, lead to the result that for eyery -cubic foot of air, five 
undred and twenty-three grains, or, one and ohe*fifth ounce 
avoirdupois, are to be allowed ; and, since a eabic foot, of water 
weighs 1,000 ounces, the one divided by the Other gives a 
Tesutt of eight hundred and thirty-three, the number of times 
that water is heavier than air. It is impossible to Arrive at 
very great nicety in such estimates ; but the general results 
of all the experiments which have been made otv this point, 
lead to die conclusion that air is- somewhere. between eight 
hundred and nine hundred thnegr lighter than water. These 
results, however, must be understood solely to apply ^o the air 
near the surface of the earth ; for, as we ascend<into the higher 
regions of the atmosphere) the air becomes, gradually thinner 
and lighter, being less pressed with the air that is above. 

We may now attend to the pressure which the atmosphere 
exerts upon the surface of the earth,- and upon all hodies con- 
nected with it. ~ ^ i • • . 

It- has been proved by a variety of accurate experiments, 
that the atmosphere presses on every part oTthe earth's sur- 
face with a force, at an average, equal to abpuVfifteen pounds 
on every square inch. This has been ascertained l>y what is 
called the Torricellian experiment. Take a* glass tube about 
three feet long, .open at one end, and hermetically sealed set 
the other : fill it with quicksilver, putting the finger upon the 
open end, turn that end" downwards, and: immerse it in a Small 
vessel of quicksilver, without admitting any air, then take 
away the finger, and, the quicksilver* will remain suspended * 
in the tube about twenty rnine and a half inches above its^sur- 
face in the vessel, sometimes moire and sometimes less, accord- 
ing to the state of the atmosphere. It is eviSenVthen, that 
the quicksilver is kept up in the tube to this -election by the 
pressure of the atmosphere upon the 'surface of tlfe mercury 
in the basin ; for, if the basin' and tube are put undor a glass, 
and. the air extracted, all the quicksilver in the' tube will lail 
down into the basin ; and, if the air be readmitted, it will 
rise to the same height- as before ; or, if an opening be made 
ui -the tep of the tube a&dlhe air admitted, the quicksilver 
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will sink into the bteirt. The pressure, therefore, By the at- 
mosphere <w* -the earth, is the same as if a coating of quick- 
silver twenty-nine and* a half inches thick were spread over 
every part df the earth's surface. . 

.JNow, itis proved that a square Cdtumu of quicksilver twenty* 
nine and a half inches in height, and one inch thick, weighs 
just fifteen pounds, which counterpoise a column of air of the 
same thickness, extending to the top of the atmosphere ; and, 
consequently, that^F preset with this force upon every'squara 
inch of the eartk'ssurface ; and, of course, $160 pounds on every 
square foot, and 19,440 on every square yard. The experi- 
ment now described is, in fact, nothing else than the common 
barometer. The. tube of the barometer is filled with quicksilver* 
or mercury; it then stands in a basin of quicksilver, is con- 
nected with a ball containing quicksilver, on the surface of 
which the atmoopherje presses, an$l, in moat cases, stands at 
an .elevation of about, twenty-nine and a half inches, but sub- 
ject to certain variations, according to the state of* the atrno^ 
sphere* , When the feather- is steady and serene, it rises to 
above thirty inches ; when it is stormy and rainy, it frequently 
sinks to twenty-eight inches, or under* thus indicating the 
changes that take place in the weight of the air; «nd hence 
if, has pbtained the name- of the weather-glass. ^ . 

Were the same experiment made with water, instead of 
mercury, a tube must be provided of about thirty-six feet long; 
and then it would be fqund> that the. water in the tube would 
be supported by the atmospheric pressure to the height of 
thirty-twoo? thirty-thfree feeu This costly experiment, which 
has been seldom repeated, was first performed by the cele- 
brated Pascal, at Rouen, in Normandy, in 1647. He exhi- 
bited the experiment bo^h with water and with wine, in order 
to show the different heights to Which these fiuids would rise, 
according to their respective densities-. He procured, at a 
glass-hquse, tubes of crystal glass fofcty feet long, which were 
fixed to the- mast of a ship, that Was contrived to be raised or 
depressed, as occasion required.' He appointed a day for 
performing this experiment, and, invited all the philosophers 
arid others who doubted of the pressure of the atmosphere to 
attend, and Xp be witnesses of the wonderful nature of his' ex* 
periment. The result was, according to the calculations he 
bad previously made, that the altitude of water in the tube 
was *hi#jK>ne and one-ninth Paris feet, eauaLtO' thirty-two 
feet two and a half inches English ; and toe altitude of the 
jyine was somewhat-greater', namely, thirty-one and two-thirds 
P§rk feefe^. thirtjp^wo ieefr ten inches Englishs the wine* 
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on account of its superior levity, rising about seven and a . 
half inches higher, than the water. He performed' this ex** 
pertinent to convince the Aristotelian philosophers- of those 
times of the folly of a notion which then prevailed, that the 
rjse of the mercury in the forricelflan experiment and "the 
rise of water in pumps were produced, not by the pressure 
of the atmosphere, but by an occult quality, which they de- 
nominated ** Nature's abhorrence of a vacuum." ^They as- 
serted that, in the upper part of the tube, deserted by the 
quicksilver, there were contained some spirits, evaporated 
from the quicksilver; which, being rarefied, fiDed up thar 
space, thus assisting Nature, in a great emergency,, against her 
mortal enemy, a vacuum. "-Well, then, gentlemen," says 
Pascal, " take yeur ownC way.- Here are two, tubes, the one 
I am to fill with water, and the other with-wme. Yoii 
will all readily admit that there is a greater quantity of 
spirits in wine than in water : and, consequently, that if the 
empty space between the upper surface 6f the fluids and the 
top of the tube be filled with spirits, there will be a, greater, 
quantity of spirits in the upper part of the tube containing the? 
wine, than in the tube containing the water ; and, of^ourse, 
the wine will not rise so high as the water/' To this they 
all readily assented. - But, when the experiment was made, 
the wine was found, to rise nearly, eight inches higher than 
the water, as Pascal had previously calculated and predicted. 
This experiment was" decisive ;- and, since that period, the 
figment of " Nature's abhorrence of a vacuum," along with 
many other absurdities, has been consigned to the slumber 
of the dark ages whence it originated. - r 

A few years before the period now allude^ to, the; engineer^ 
of the GrancWake of Florence, having received orders to raise 
a portion of water to the height of fifty or sixty feet, by means 
of a common pump, ptrCeived, when they had made thefct- 
tempt, that the pump reftised its assistance when the water 
was to be raised above thirty-two feet. They communicated 
the circumstance to Galileo, an eminent philosopher' of that 
age, and 'asked him the reason of it. Galileo was not a little 
surprised, and was unprovided with ah answer. He, how- 
ever,, put a good face on the affair, and gravely replied, that 
"Nature abhorred a vacuum only to the, height of thirty-two 
feet." Torricelli, the disciple of Galileo, vexed^at the Water's 
refusing to ascend 'more than thirty-two feet in a tube -void of 
air, made la new experiment^ with quicksilver, in the manner 
already described. -He saw the quicksilver in the tube fall 
down, and leave an empty space at top : , and remain suspended 
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at the height of tweirtyHaffne, inches. _ "Hew,"* eaya he, 
♦♦Nature abhors a vacuum only to the height of thirty-two 
feet .when it is water that- ascends in a tube void of air, and 
only to twenty-nine inches when it is. mercury! Vacuum 
does not frighten her beyond these measures! But why 
does she feaT it to far more than twenty-nine inches wJ»ea it 
is 'wafer that rises ? . Very likely this horror at vacuity is an 
idle fancy, a meje philosophical cant, which we take for good 
coin without understanding it." Reasoning in this way, and 
repeating a variety of similar experiments, he was, aHength r 
Jed to the conclusion "that^the diversity of the elevation of 
the two different- fluids proceeded^from the diversity, of their 
weight, and that they were supported afad counterpoised by 
a column of air, of the same diameter, reaching the top of *he 
atmosphere^* Here the matter rests, and will rest through- 
out all succeeding generations. 

N This short sketch of the history of the' experiments which 
relate to the pressure of the Atmosphere will not be altogether t 
out of place, If it has a tehdency to guard us against the in- 
fluence of preconceived notions, foolish, prejudices, and of the 
authority of great names, which are some of the. greatest ob- 
structions to tfce expansion of the human riimd, and the-recep- 
tiojr of useful < knowledge^ It was not before men began to 
emancipate themselves from such shackles 4hat science com- 
menced, that brilliant career Which , has issued, in our times, 
in so many interesting and important discoveries. Similar 

. prejudices are still prevalent in relation to the affairs of cbrn- 
moh life, the facts pfv'soience, and the important- truths of re- 
ligion. We, are only yet beginning to castoff the yoke of - 
that ignorance, under the guise of wisdom, under which. the. 
men ef other times bowed with such abject submission. " Re* 
Kgipus, prejudices, in particular derived fronj education and 
submission to mere authority, are frequently so strong that no 
species of reasoning, however convincing to an unbiased mind, 
is sufficient to subdue them. When certain dogmas or opi- 
nions, however futile, nave got a firm hol<j oh the mentat 
faculties, all the arguments that can be denved from reason, 
and philosophy, v and even . fronv the most cogent announce- 
ments of Pivine revelation, are, found altogether insufficient 
to displace them: And, as the fostering of erroneous opinions, 
in relation, to religion,' may endanger our best interests* both 

, in relation, to the life -that now is and the life to come,at is 
of the utmost importance to all, *and especially ^to young: per- 
sons, that they examine, with care arid without prejudice, 
every doctrine and opinion they embrace, without regard to 
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human, authority ; founding all. their views and sentiments 
on the dictates of enlightened reason, and the .plain declara- 
tions of the word of God* 

From what has been now stated, we may easily compute 
the weight sustained by the body of a middlersized man, in 
consequence of the pressure of the atmosphere. Suppose the 
average stature of the human body to be about five feet nine 
inches; suppose the breadth in front to be about, one foot, 
and the breadth on each side half a foot ; \y allowing a little 
deduction, for the narrowness of the head and feet, we may 
reckon about five feet in front, and five for the back part, and 
two and a half square feet for each side of the body, or fifteen 
square feet in all. It has already been stated that the atmo- 
spheric pressure on one square foot is 2160 pounds. Multiply 
this sum by fifteen, the number oi square feet on the surface 
of the human body, and the product will be 32,400 pounds, 
or somewhat more than fourteen tons, or jhe weight of more 
than fourteen ordinary cart-loads of heavy goods. This is the 
pressure sustained by every middle-sized man— a pressure 
which would be insupportable, and even crush us to pieces, 
were it not that it is equal in every part ; pressing with the 
same force upwards, downwards* and on every side ; and is, 
at the same time, counterbalanced by the spring of the air 
within us, which is diffused through the whole body,' and re- 
acts with an equal force against the outward pressure. This 
pressure, however, is somewhat different at different times. 
When the air is lightest, the pressure is 31,160 pounds, and, 
when heaviest, about 33,660 pounds, making* a difference 
of about 2600 pounds, the weight with which we are com- 
pressed more at one time than at another. This great .differ- 
ence in the atifeospheric .pressure is found greatly tbaffect the 
animal functions and the state of health. A person labouring 
tender an asthmatical complaint^will find his disorder increased 
when the air is light, as it has then less, elasticity, and is not 
so capable of expanding the lungs. The air is generally the 
lightest in hazy and rainy weather, when the tlouds descend, 
.and the mists cover the mountain tops. Every one then feels 
the effect, by^ a certain degree of lassitude and depression ef 
spirits^ occasioned by the surrounding ; gloom, ana by being 
deprived of an atmospheric pressure amounting to more than 
2000 pounds. The fibres of the body are relaxed* the . con- 
tractile force of the muscles diminished, and a languid circu- 
lation, of the fluids ensues, which .sometimes produce obstruc- 
tions, fevers, arid headaches ; and, in most, persons, a sort of 
indolence an# gloomy inactivity . Whereas, when the 'air ic 
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heavy, and tfee clcracfe ascend to the higher regions, and 
appear like fine fleeces oh the blue vault of heaven, the 
nerves- an<£ fibres of the animal system are braced by -the 
additional pressure of the atmosphere, the blood- vessels exert 
their fuH power, the solids are- compressed, the fluids circu- 
late with increased vigour* we feel light and alert, and the 
elevation of the animal spirits- is increased by,the splendour 
and ^activity t>f the surrounding scene. 

Weight of the whoh ^moaj^ere^— From the facte now 
stated, we may form an estimate of the weight of the whole 
body of the atmosphere which surrounds the surface of the 
earth. .The surface of the globe contains, in round. numbers, 
200,000,006 of square miles; every square mile contains 
27,878,400 square feet*- and these two numbers multiplied 
together, produce 5,575,680,000,000,000; or, five thousand 
five Ifimdred and seventy-five billions, six hundred and eighty 
thousand millions, equai io the ntfmber of square feet on the 
surface' of the earth ;' which, multiplied by 2HJ0 pounds, 
(equal toihe pressure on every square foot,} produces the 
sunt of 12,043,468,800,060,000,090 ; that is twelve trillions, 
forty-three thousand four hundred and sixtyreight billions, 
and eight hundred thousand millions ; which is equal to the 
num'ber of pounds whieh xonsthute jhe weight of the whole 
atmosphere, or §,000,000,000,000,000; that is, about ^ve 
.thousand billions of tons. A more definite idea of this 
weighUnay be obtained by supposing a, ball of lead, extend- 
ing from - London to -Oxford, stretching sixty miles perpen* 
dicularly above us,"and in every direction ; or, in other words, 
a ball of lea'd one hundred and ninety miles in circumferenoe, 
aljd about sixty miles in diameter. ^Suppose this ball placed 
on. one end of an immense balance, and the, whole atmosphere 
on the other, they would nearly counterpoise each other. So 
that this invisible fluid, which we are apt to consider as almost 
1 a nonentity, when considered as a whole, contains a weight 
which,. it is difficult for numbers to express, . 
1 It neeo! only be observed further on this, point, that the air 
depresses in density in proportion as we ascend to the higher 
regions of the atmosphere. At the height of seven miles,, the 
air is four times rarer than at the surface of the earth ; at the 
height of fourteen miles, it is sixteen times rarer ; at the height 
of twenty-eight miles, it is two hundred and ^fty^six times 
rarer; at the height of ninety-six miles, it is 208,435,456 
times rarer'; ancr at the height of five hundred miles, it has 
been computed, that a .cubic inch of such air as we breathe 
at die surface of ih£ earth, would he ao much rarefied, that it 
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would fill a hollow sphere equal in diameter to the orbit of 
the planet Saturn,/which is 1 ,800,000,000 of miles in diameter. > 
This is a accessary consequence of the elasticity of the air, 
*nd of its want of 6ompressibn in the higher regions; and 
that this is in reality the case, is proved by experiment as 
well as by calculation. * When we take a barometer to the 
top of a mountain only half a mile in perpendicular eleva- 
ti( n, the mercury falls from thirty to twenty-se*ven inches ; 
and the jail of the mercury is in proportion the higher we 
ascend. Those travellers who have climbed Jo the tops of 
lofty mountains know, by experience, that the air is much 
thinner in those regions than iri the plains below. Their 
breathing ^becomes difficult and painful, their hands and <eet 
swell, and they are sometimes-seized' with a vomiting of blood* 
They also finaythat jthe atmosphere becomes* elearer as they 
ascend, and^is unable to support the clouds. We are informed 
by Don lUloa that, while he stood on the top of the Andes, 
in Peru, " the clouds, which were gathered betow the moun- 
tain's brow, appeared like a tempestuous ocean, all dashing 
and foaming, wnfle the lightnings were breaking through the- 
waves, and the thunders rotting- beneath his feet, far below 
tbo .spot on which he stood. In the mean time he enjoyed 
a serene and cloudless sky, and left the ^war. of the elements' 
to the unphilosOphical mortals on the plains heiow." 

Thdse who have taken la flight to the higher regions of tha 
atmosphere in balloons, have beheld scenes of a similar kind. 
Mr. Baldwin, who ascended in a hailoon from Chestef , in 1786,^ 
relates that at a certain elevation, the earth was. entirely v hid 
from,Kis view by an Immense mass of vapours,- whiclr he^ 
compares to a sea of. cotton* tufted here and' there by theao^ 
tion of the air, and, soon after, the whole became an extended 
pavement of white cioud. The reason of all this is obvious : 
the clouds are vapour, or water rarefied by heat. , Vapour is 
lighter than air near the surface of the. earth, ^nd, conse- 
quently, ascends m it ; but, in the higher regions, 4he %jr 
js thinner and lighted than these vapours, and, of course, is 
unable to support them beyond a limited ^height ; which cir- 
cumstance undeniably proves that the air is lighter the higher 
we ascend. ' - '- * -, 

The pressure of the atmosphere may nowhe illustrated by 
a few simple experiments* The instrument called the air- 
pump affords, oh the tfhol$, the'best means of illustrating the 
pressure of the atmosphere. This instrument bears a cer- 
tain resemblance, in Its principle and, action* to the common 
house putap. It consists of a hollow cylinder or tufie, iti 
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whii&.a^stoius. alternately, raised and depressed by meant 
of an iron rod attached to the handle of the pump, in the 
piston there js a, valve,- which opens by any pressure from 
below, and is shut by any- superincumbent pressure, like the 
flapper of a pair, of bellows. When the piston is forced down 
the valve is opened from below by the pressure of air, or what- 
ever fluid, the pump may contain, ; The fluid then gets above 
the valve, and is lifted jup by the raising of the piston, and 
carried out of the. pump, the yalve being then* shut by the 
pressure of the air above it- At the^top, is. a metal plate 
ground to a perfect plane surface, on which, is placed .an 
inverted glass jar or receiver, whence the air js to '.be ex- 
tracted. A hole in the plate is connected with a tube which 
communicates with the .pump-barrels. -By working the 
handle of the instrument for some -time, the' receiver will 
soon be nearly exhausted of all the air it contains, and the 
efiects produced in a vacuum, or place void of air, may then 
be exhibited. The following, among other experiments, jnay 
be shown by the ajr-pump. If the receiver be open at botn 
ends, and the upper orifice be stopped by the tand, when the 
air iff exhausted, the pressure of the external air will be such 
as to prevent the removal of the hand, and. will cause a cer- 
tain degree of pain. If a pieee of bladder be tied tightly over 
the orifice, as the exhaustion 7 proceeds, -the bladder will be 
pressed inwards, and will finally burst with a loud noise. In 
the same. manner, if a flat apiece of window-glass, be placed 
upon the orifice, when the air is exhausted, the 'glass will" be 
broken into a number of pieces by the externa^ pressure of 
the atmosphere. ' ' y _ 

. But as comparatively few persons have ah opportunity of 
performing experiments with the air-pump, a few simple 
experiments equally convincing, which, every person has it 
in his power. to perform, may here be described. 

1. Take a wine or an ale-glass, and fill it wjth water; 
take -a smooth piece of writing paper, and press it firmly 
against the edges of the glass, so that no air get in between 
the paper and the water* then torn the glass upside down, 
and the water will be supported by the pressure of tfte atmo- 
sphere upon the paper. That it is the external pressure of 
the atmosphere upon the paper which supports the water 
will appeaj, when we consider that the paper, instead.of being 
eonvex, by the pressure of the water downwards* is concave, 
by the, pressure of the air upwards. If a lighted candle be 
placed under 1 the paper, with its flame touching the paper, 
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we may hold i\ for an indefinite length of time, without it* 
producing any effect upon the paper, or setting fere to it. 

2. Take a wine-glass, and bum a piece- of paper in it, and 
while the paper is burnings if we place the- palm of onr hand 
firmly upon the edges of the glass, the glass will sttek fast 
to the hand, producing a certain degree of pain, and it will 
require a considerable degree of force before the hand can ha 
detached from the glass. In this experiment, the burning^of 
the paper rarefies the air, nearly expels it from the glass, and 
then the atmosphere presses with its whole weight upon the 
hand. 

3. Take a glass tube two or three feet long, of -a narrow 
bore ; plunge one end of.it in a basin of water ; apply the 
mouth to the other end, and draw out the air by suction ; the 
water will instantly rise into the tube by the pressure of the 
atmosphere on- the water in the basin ; and, if we immedi- 
ately place our thumb firmly on the upper part of the tube/ ) 
and withdraw it from the water in the basin, the water will 
be suspended in the tube by the pressure of the atmosphere, 
although the. tube is Qpeh, below; but, when the thumb is 
removed fpom the upper part of the tube, the>water in it wiU 
run out, in consequence of the-pressuie of the atmosphere from, 
above. / -. 

jfei. Kg.*,. 4* Take a tin vessel,, six.or eight 

inches long, and -about three in, dia* 
4f meter, with its mouth about- a quarter. 
j* G of an inch wide, as M, (fi^ 1 .) Pierce- 
J| a number of small holes in its bottom, 
1 1 about the diameter of a common sewing* 
II " needle. Plunge this, vessel in water, 
if Ix and, when full, cork it v up, so that no 
'|j k air can enter . at the top, While it 
J remains corked, no .water will xun out,- 
being prevented by the- atmospheric 
pressure upon the bottom of the vessel; but the mtfaent it is 
uncorked, the water will issue from the small holes by the 
pressure of the air frpm above. The same experiment may 
be made with a tin-plate tube, about an inch in .diameter, 
open at the top, and having its 'bottom pierced with a small 
hole; When filled with water and tightly corked at the 
top, it may ,oe earried for miles without losing a drop of, water, 
notwithstanding the hale in the bottom. 

5. In order to show the lateral pressure of the atmosphere, 
take a tube, as o h, /fig. £,) six or seven inches Ixmg, having 
a small hole on eaca side, as i k. . When filled with water, 
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ind tightly; corkfed, »© water win run c*t from the sides ef 
the tube, but the moment the cork is taken out, the water will 
ittn out at rand k; as represented in the figure. 

8. Take *7 wine-glass:and burn in it a piece of -paper ; then 
invert the glass, while the -paper is burning, over a saucer 
full' of water, the water" will rush up into the wine-glass, ha 
consequence of the air being rarified- or driven out by the 
burning paper, and in consequence of the pressure of the 
artraosjmeie upon- the surface o[ the water in the saucer. 

T/hese experiments show that the atmosphere presses in all 
directions, upwards* downwards, and laterally v This sub- 
ject has>been' dwelt on sotnewhat' particularly, because the 
atmospheric pressure forms an important element, and a 
mechanical grower in the construction of steam-engines, atmo- 
apheric railways, and other modern inventions* which are 
•now of such- great utility in propelling carriages along rail- 
jfeays* and steam-vessels across seas and oceans. 



CHAPTER III, 

>ACTS ILLUSTRATED BY TPHE PRESSURE, OF THE ATMOSPHERE. 

Let us now attend to a few facts which the pressure of 
theair tends to explain, avd itiustrate; 

1. The atmospheric pressure explains the nature of the pre* 
•cess* vulgarly termed suction. When we attempt to take a 
draught of water out of a basin, or* a running stream* it ia 
commonly said that we draw itrtlie water by suction ; whereas 
the fact is, that instead of drawing the water into the stomachy 
w« only draw the air into the lungs, and the atmosphere 
performs the other part of <the operation. The process is 
•simply this:— We immerse cm hpB into the water, so as ta 
prevent the entrance of air into the mouth ^ we then make 
a vacuum in the mouth by* drawing the air Into the longs, 
after whkh the pressure of the atmosphere upon the surface 
of the water forces it upwards into the month. That such 
is the process of receivings draught of water w>en the mouth 
is held downwards, appears from this circumstance, that if the 
lips do not 4ouch the water, we might draw in the air by 
-what is called suction for twenty years, and not receive a 
single drop into the mouth. • - - - *> 

The same principle explain* the action ©t a child sucking 
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the breast of its nurse. The operation of trapping is s per- 
formed in the same way. In this case, the operator takes 
a small glass, dose at the top, and holding it for some time 
orer the flame of a candle or lamp, the air is thereby rarefied, 
and part of it drawn out. The glass is then suddenly placed 
on the part of the body to be cupped, and adheres to the flesh 
by the external pressure of the air. The flesh rises in the 
glass, and the blood and serosities are forced from the wounded 
vessels into the glass bythe atmospheric pressure tin the parts 
around. • * - 

3. It is owing to the atmospheric pressure that two polished 
surfaces, which accurately fit each others adhere with great 
force. This fact is well known te glass-grinders and polishers 
of marble. A large lens, when ground .very smooth, requires 
faore than the strength of a single individual to puQ it drrectfy 
from the tool. If the surface is only-a square inehy it will re- 
quire fifteen pounds to separate them' perpendicularly, though 
a very moderate force will make them slip along each other. 
Were the surface six inches square, the force requisite to se- 
parate the two pieces would be equal to five hundred and 
forty pounds. Bui this cohesion is not observed, unless the 
surfaces are Wetted or smeared with oil or grease, otherwise 
the air gets between them, and they separate without any 
trouble. That this cohesiop is owing to the. atmospheric 
pressure, is evident from the ease with which the plates may 
pe separated in- an exhausted receiver by means of the afr- 
pump. The same caase contributes in a powerful degree to 
give effect fo the cohesion ofrbodjes by means of moJQCar and 
cements. When two pieces of wood are: to be glued toge- 
ther, their surfaces are first made as. smooth as possibles a 
glutinous substance is then applied to fill up. all the pores and 
inequalities; they are then 4 pressed together, which -prevents 
the air from insinuating ijaelf between them, and the external 
air then presses upon them with a force of fifteen pound* on 
«very square inch. ; There can be no- Question that the stabi- 
lity of our houses and garden walls aepends, at least in a 
great measure, upon the same principles; for the more com- 
pletely every crevice between the biiekaor stones is shut up, 
by means of mortars and cements, from^ the insinuation 
of the external air, the more tfrm and stable is the ^building. 

To the same cause is 4a be attributed ^he action of a boy's 
sucker in lifting large stones from the ground. The -sucker 
is joade of stiff wetted leather fastened to a string ; the mois- 
ture upon the leather, when it is pressed dgwn upon the 
stone, prevents the air from getting in between the feather 
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fcffd the stone, and if the sucker be four Inches square, it will 
require a force qf two hundred and forty pounds to separate 
it from the stone. In certain 1 cases, such contrivances, on 
a large "* state, might he sometimes useful as a mechanical 
power. * - <^ :' 

3. Another circumstance which is accounted* for on this 
principle is; the strong adhesion of snails, periwinkles, lim- 

^peta, ahd other molluscous animals, to the rocks on which 
they are found. The animal forn\s the rhh of its shell so as 
to fit the shape of -the- rock bn which it intends te cling. It 
then fills its shell either with its own body or with water. In 
this condition, It is evident, that we must act with a force 
equal to fifteen pounds on a square inch before we can detach 
it from the rock. This may be illustrated by filling a drink- 
ing-glass'to the brim with water, ahd ? having covered it with 
a piece of thin wet leather, place it upon a table, and it will 
be found to require a tety, considerable force to pull it straight 
upward. But, if we' place a snail adhering to a stone in an 
exhausted receiver, it will ^drop off by its own weight. It is 
owing tq the same cause that bivalve mollusca, sitth as bysters 
and mussels, keep their shells so firmly shut, and require 
such a degree of force to open them. . But, if we grind off a 

* bit of the convex, shell; so as to make a small hole jn it, the 
air gets in, and it opens with the greatest ease. The same 
thing takes place when it is put under the exhausted receiver 
of an air-pump; It has been lately discovered that it ifc ow- 
ing to the same principle th&t files and other animals have 
the power of Walking on a perpendicular pane of glass, or 
on the ceiling of a room, with their backs downward. This 
has been proved to arise from a. power they possess of squeez- 
ing out the air between the inside of their feet and the sur- 
face on which they tread, dnd thus being supported against 
the outside of their feet by the pressure of the atmosphere,. 

4. It is> owing, in a great measure, to the pressure of' the 
atmosphere, that frosts occasion a scantiness ef water in our 
fountains and wells. This is not caused, as is generally sup- 
posed, by the freezing of the water in the bowels of the earth. 
The most intense frost of a Siberian winter would not freeze 
the ground ^wo^feet deep, but a. moderate frost will consoli- 
date the whole surface of a country, and make it impervious 
to'the a^r," especially if the frost has been preceded by rain, 
which has soaEecl the surface. When this happens, the 
water which Was filtering through* the ground is all arrested, 
and kept suspended in Hr capillary tubes by the pressure of 
the air, in the same manner as water is suspended in a tube 
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which. is closed at one end, as in the third experiment stated 
in the preceding chapter .(p. 22). A thaw melts the super 
ficial ice, and allows the water to run out in the same maonei 
as it does when the thumb, in that experiment, is removed 
frond the top of the tube, 

, 6. i It is well known that a cask full of water^or spirits, will 
not run by the cock, unless a hole be opened in the-Aop, or 
some other part of the cask. The reason is, that the air < 
presses upon tie opening in the cock, and prevents the liquor 
from flowing ; whereas^ when an opening is made af the top, 
the pressure of the air from above forces it down. If, indeed, 
the hole in the cask is of large dimensions, it will run with- 
out any other hole, because air will get in at the upper side 
of the hole, while the liquor runs out by the lower part of it. 
For the- same reason, a small hole is made in the lid of a tea- 
pot to insure its pouring out the tea, otherwise, when, the tea- 
pot is quite full, it would be difficult to make the tea run out 
at the spout, the pressure of the air from below tending to 
prevent it. - 

On the same principle depends the performance of an in- 
strument used by spirit dealers, for taking out a sample oi 
their spirits. It consists of a long tin-plate tube', 
ab, fig. 3, open at the top at a, .and ending in a 
small hole at -b. The end ais dipped into the 
spirits, which rise into the tube ; then the thumb 
is clapped on the mouth a, and- the whole is lifted 
out of the cask. The spirit remains in it till the 
thumb be, taken off; it is then allowed to run into 
a classjbr examination. We are informed by cer- 
tain travellers, that some of the rude tribes of Asia 
and Africa, with whom they have travelled, have 
a -similar method of acquiring a draught of water, though 
they do not understand the principle on which it depends. 
They provide themsejves, in their journeys, with a long hol- 
low cane, and, when they wish to drink, or to give their com- 
panions a draught of water from a stream pjr pool, they place 
the hollow cane in the water, and apply their mouth to the 
upper end, and draw out the air, wnen the water rushes in 
and fills the interior of the cane; they then apply their 
thumb to the upper end, take the cane out of the water, and 
apply it to the lips of their thirsty companion, when the 
water rushes into his mouth. . This mode of taking a 
draught of water may, in sooie cases,, be very convenient 
when we cannot easily apply our lips to the surface of a run- 
ning stream. 
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The action of the syphon depends on the same principle. 
A syphon is r bent tube, the one end . **• *• 

ef which, is longer than the other, as 
ab, fig. 4. If the tube be filled with 
water, atnd the shorter Jeg be. placed 
in a vessel of water, b, immediately 
upon withdrawing the finger from the 
longer leg,* the water will flew cut tiM 
. the jkpiid in * the vessel is emptied. ^ 
By means of this instrument, we ^can convey water from" a 
cistern over a rising ground, provided its -perpendicular ele- 
vaupnuabeve-the level of the fountain does not exceed thirty* 
two feet, and that the leg, from which the water runs off, is 
behw the level of the cistern ; because- the weight of a co- 
lumn of water, about thirty-two or thirty-three feet^high, is 
equal to the weight of a Column of air reaching, from the sur- 
face of the earth to the top ef the atmosphere. The pres- 
sure of the atmosphere upon the water of the vessel, or cis- 
tern, produces this effect. < ^ 

. It might be shown, that the common pump for raising 
water** the fire-engthe, the steam-engine, the forcing-pump, 
and many other pneumatic and hydraulic engines, derive 
their power and utility chiefly frorh that extensive and uni- 
versal agent— 4he pressure of the "atmosphere ; without the 
assistance 'of which many of our most powerful engines 
would be arrested hi their operations,und sink into feebleness 
and insignificancy. But this chapter shall be concluded by a 
few generalTemarks, suggested by this subject. 

The discovery of the pressure* of the atmosphere, and of 
its agency, in the system of nature, formed a hew era in the 
history of science. Etowever common it is now to perform 
the Torricellian experiments and to talk about the pressure 
ef the atmosphere^ it was a subject which, less tharr two cen- 
turies ag6; struck with astonishment all the learned through- 
out Europe. So wonderful and incredible did it at first ap- 
pear, that it Was not till after the lapse of several years— **ill 
after opinions which" had prevailed for ages had- been over- 
turned, and the most decisive experiments had been per- 
formed, in every possible way, that it was cordially received. 
And, indeed, when we consider the effects of this powerful 
agent, in the numerous operations both of nature and art, 
there is something which tends to excite our admiration more 
than all the fairy tales which the human fancy has created. 
^We hehotd its operation in compressing the bodies of all ani- 
mated beirigs~m counterpoising the internal pressure of tho 
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circulating fluids, and preventing tke elastic force of the in- 
ternal air from bursting the arteries and reins* We bebofcj 
its operation in forcing-pun>p» and fire-engine* — in raking 
water from deep pits, and carrying it to the tops ef the highest 
buildings— in giving motion to our spinning-machines, an<t i» 
propelling large Teasels along seas' and rivers-^in the actio* 
of Hiero's fountain, of syphons and baroinetera ; and in many 
other cases where its agency could scarcely have been sus- 
pected^ What can be more unlike than tfce working of a 
fire-engine, when spouting a column 1 of water, to the top of a 
building in flames, and the crawling of a fly. upon a window- 
pane, or the ceiling ef a room ? i et both these operations 
are performed by the same means, the pressure of the ajbno- 
sphere. 

But what appears no less striking than such operations, ia, 
the pressure of the atmosphere upon our own bodies. It has 
already been stated, that this pressure amounts to above, thirty , 
thousand pounds. Were the half of this weight to faU on 
one side of our bodies, without being counteracted by any 
other power, jt would produce an effect similar to that of a 
heavy wall, or the roof of a house falling flat upon us, and 
would infallibly drive the breath, from our lungs, and crush 
to piece* every bone. What is it, then, which prevents such 
a terrible effect ? A email quantity of ait within us, which 
would not weigh above a single ounce, by its/strong elastic 
force, counterpoises the eflects of this tremendous pressure; 
so- that, instead of lying as a .mountain on our loins, k-*cte 
like wings Jo our feet, or like sinews to our limbs- When a 
flat bottle' is empty, and laid on its side, we might imagine 
that the weight or the air would break it tff pieces ; hut the* 
air which is contained within the bottle, whether stopped or 
not, has the same power, by its elasticity, to prevent its break- 
ing, as the air without has to crush it to Atoms. But, JLwe 
apply a syringe to the heck of such a flat battle, and ex- 
haust the air which is enclosed within, the extraction of 
that email bo4y of air, which* by ks elastic spring, sup* 
ported the sides of it, gives room to the external air to act on 
the- surface of ihe bqttle with all its force, and the bottle will 
fly into a thousand pieces. - Such would be theicase with w- 
spect to our qwn oodies, if an exact balance were not kept up 
between the pressure of the -atmosphere without, and. the 
elastic force of the air within ; and, in this instance, as well 
as in a thousand other instances, we have a striking evidence 
both of the wisdom and of the benevolence of- HjnvwhoOrt 
first created and arranged all the powers and; elements of n% 
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fUre, so* as 'to render tkenr subservient to* the preservation and 
comfort of every species .of animated existence. 

Iris owing to the same admirable arrangement of the Cre- 
ator, that our dwellings are not crashed to atoms. Suppose 
an apartment only twelve feef square, and nine feet high, the 
pressure of the air upon the four sides, and the roof, contain- 
ing five hundred and seventy-six square feet, is equal to one 
million, two hundred and forty-four thousand, one hundred 
and sixty pounds ! This enormous pressure is balanced by 
the resistance of the small -quantity of the air in the room, 
which,'weighs only, ninety-searen pounds ; so that, here is a 
small weight of ninety-seven pounds counteracting a pressure 
of 1,244,160 pounds! Without this wonderful balance no 
house could be habitable* no creature" could remain alive ; our 
gkss-windows would be shattered to atoms ; an army-tent, U 
peasant's house, or a shepherd's hut, yea, even lour most 
stately edifices, wduld be^crushed to atoms. 

It appears, then, that we are immersed in an invisible fluid, 
which v on the one hand, by its enormous pressure, threatens 
to crush us to the earth* and, on the other, by its elastic force, 
to burst our blood-vessels, ana tear our whole frame to pieces* 
The equality or equipoise of these two formidable and death- 
menacing powers, is our only safeguard and defence; and 
shows, us how & fearfully ( ana wonderfully" we are every 
moment preserved by 'that Almighty Being, " in whose hand 
our* breath is, and whose are ail our wUys." Here we have 
a striking evidence of its benevolence and skill, in having, by 
his wisdofb, reconciled and. balanced two such formidable and 
contending powers; and eo tempered them, that the impetu- 
osity of the one is checked by the activity of the other; and 
aH nature, insteatfof being sljattered and 'destroyed, is. pre£ 
served in safe and-' harmonious order/ Were k iiis design 
to destroy the inhabitants oft our world, or to render them 
miserable, we see. how easily this could be effected*. He has 
only tp permit one of those powers now described to act with- 
out control, arid the work of destruction is at N otice accom- 
plished. So that in his "hand is the soul of every living 
thing, and the breath of all mankind." He upholdeth our 
souls in life, and his. merciful visitation sustains our spirits. 
ft is the' province of true philosophy to trace the attributes 
of the Almighty, in every" part of his operations, in the sys- 
tem of nature ; and there is.no scend throughout the universe, 
where his voice is not heard, and where his power and wis- 
dom are not conspicuously displayed to those who have ears 
Jto hear, and eyes to see, afid spiritual discernment to recog- 
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niae the footsteps 
risible, Intelligei 
have our being." 



ftisethe footsteps and the agency, of an almighty, though uk 
risible, Intelligence; "f*r in flim we live, and move, and 



CHAPTER W. 

THE ELASTICITY OF THS AIR, AMD TfiX^FHEKOMCKA IT ■*- 
v *LAI*ft* 

The atmosphere is that ocean of air which surrounds our 
globe on all sides, and in which we hre and breathe." We 
are plunged into the bottom of the vest aerial sea, as the 
fishes are plunged into the depths of the ocean. '* Before we 
-were brought Into/ the world, we were furnished with a dia- 
phragm ' and lungs, with cartilages, ribs, and muscles, to 
enable us to draw in this vital fluid. .The first rush of the _ 
air into the lungs, and the cries which accompany, it an- 
nounce life and sensation. More than a hundred muscles 
are employed in drawing in and .expelling this aerial fluid ; 
and this operation is continued, without intenoissioh/ till 
death. In this element we pass the whole of our existence, 
from the cradle to the grave ; it surrounds us wherever we 

tcs whether jon sea or land, and almost all pur enjoyments 
epend on its lfenign agencies. This element, however,,is 
impalpable to pur senses. "By its transparency, it escapea 
our ocular inspection ; by its thinness, it eludes , our grasp i 
it cannot be perceived by our smell or taste, nor even by our 
organs of hearing, unless when it is in a t state of tremor 
and agitation. But we are fully assured, in numerous in- 
stances, that the powers of nature may be in complete exist- 
ence,, though they are imperceptible to every organ of sensa- 
tion; and hence, we ought to guard against an error common 
both to the vulgar and to philosophers, that "the, things 
which we cannot see, have.no real existence." The at- 
mosphere, though invisible, i& one of the • most important 
and essential constituents of our, terrestrial habitation. We 
could live for a few days without food, or drink, or sleep ; we 
could pass weeks and months without the light of the^sun, 
or the gbrnmering of a star ; but if we are. deprived only for 
a few minutes of the vital air, the lungs refuse to play i. the 
heart peases to heat, the blood stagnates in the arteries and 
veins,; we faint, we sicken, we <u>. The powers of the, 
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aaimai machine are bseken ; the4houghts apperceptions 
vanish ; tke tinst retorts to its' kindred dust, and the spirit 
returns to God who gave it. 

We shall now. chiefly attend to the illustration of the elas-^ 
ticitjr of the atmosphere. By the elasticity of the air, ir meant 
that property by which it Contracts itself into less space, 
when, an additional pressure is kid upon it, and by which it 
recovers its former dimensions when the pressure \j& removed. 
When I take a piece of whalebone, or a watch-spring, and 
taring the two erids together^ as soon as the force thus em 
ployed is removed, the spring 'returns to its former position. 
in such cases, we say that the body^ is elastic. When I take 
a small- quantity of wool into my hand, and compress it, upon 
opening my hand, it recovers its former bulk, by the natural 
spring of its- fibres; and hence We conclude that this sub- 
stance possesses a certain degree of elasticity. In like 
manner, if I take a bladder and fill it with air, and apply a 
force to the sides of it, so as to compress it into a smaller space* 
when the force is removed it immediately expands, and fills 
the same space as before, which clearly proves that the air 
contained in the bladder -is of an elastic nature* 

In consequence of this elastic property, the air always en? 
dea voters to. expand itself, and to occupy more space. This 
is proved by taking a bladder, .containing only a small quan- 
tity of air> tying its neck close/soas to prevent the escape of 
the air, and then placing it under the receiver of an air-pump* 
So long as the bladder is exposed to the pressure of the at- 
mosphere, it will remain in the same state; but, when the air 
is exhausted from the receiver, and the external pressure re* 
moved, the side of the bladder, which J was flabby and lax, 
stretches itself out, swells, and becomes tight, being raised by 
the elastic powe?. And, if the air be again let into the re- 
ceiver, the bladder returns- to its former shape. » By a similar 
experiment it-is shown, that the expansive power of the small 
quantity of air in the bladder is - capable of raising leaden 
weights. of a considerable siae. In consequence iof this strong 
elastic power of the air, a person, by blowing into a pipe con- 
nected with several bladders, has been able sensibly to raise 
a mill-stone, which was placed upon the bladders ; which de- 
monstrates the, Very strong expansive power of a very small 
quantify of air. ; ' - * ■ 

- On the same principle, were a bladder, containing a very 
small quantity of air, taken to the higher regions of the atmo- 
sphere, it would gradually expand the higher it was carried, in- 
consequence of the pressure of the atmosphere being -gradu 
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ally diminished, till, at length, i* would burst the Madder, by 
the expansive foree with which H is endued* In like manner,, 
heat increases the elasticity of air. If a bladder, contain* 
ing a small quantity of *»♦ be placed, before a strong fire, the 
small portion of air it contains will expand, till the bladder 
appears quite full, and ready to burst* There is another 
striking experiment which demonstrates this elastic force of 
the air. When a thin bottle with fiat sides is firmly corked, 
so as to prevent the included air from escaping, is placed unr 
der the receiver of ah air-pump, and the air exhausted, the 
spring of the air within it will dilate with so much violence 
as to break the bottle to pieces. In like manner, were the 
pressure of the external air completely removed from, our 
bodies, and the escape of the internal air prevented* the elas- 
tic force of the air within- us would immediately tear the lungs 
and other vessels. to pieces, force the Mood through the arte- 
ries and veins, and put an end to all the functions of the ani- 
mal machine. If an annual, as a cat, mouse, or bird, be put 
under a receiver, and the air exhausted, the animal will be at 
first oppressed as with a great weight, then grow convulsed, 
their bodies will swell, and if they are allowed to remain only 
for a few minutes, they inevitably die.. -Were -we to take a 
shrivelled apple, and put it under the receiver of the air-pump, 
and exhaust the air, the skin will gradually swell as the 
pressure of the air diminishes, the wrinkles will be filled up, 
and the apple will -appear as if fresh-gathered. When the 
air is let in, it returns again to its former withered state. The 
effect now stated, is owing to the elasticity of the air in the 
inside of the apple, which expands when the. atmospheric 
pressure is removed. 

From a variety of experiments it is demonstrated, that the 
spring of the air is equal' to its weighty and produces the same 
effects as its pressure ; for, action being equal- to Te-action, 
the force which the elasticity of the air exerts, ui endeavour-, 
ing to expand itself, is equal to the force with which it is 
compressed, just as it is in the spring of a watch, which ex- 
.erts no force, but m proportion as it is wound up. If a quan- 
tity of air, therefore, is included in a vessel, and is ef the same 
density with the surrounding air, its pressure against the sides, 
of the vessel is equal to that produced by the external atmo- 
sphere. Hence it is, that we can break a square glass bottle, 
either by the olirect pressure of the atmosphere, after the air 
has been extracted from it, or by Temoving the pressure of 
♦he atmosphere, and allowing the elasticity of ..the air within, 
to exert its expansive force, : 
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vlt is owing to. Ae-daBtkfty of the air that ft is susceptible 
of dilatation and compression. To what degree air of the 
same density -which it possesses at the surface <pf the-eerth is 
capable of being compressed, has not yet been fully ascer- 
tained* Dr. Halley informs us, thai he has seen it com- 
pressed, so as to be sixty times, denser than in its natural state. 
Some- have supposed that no bounds can be fixed to the eon* 
Sensation of air. But it appears from some experiments made 
in London, and by- the Academy of Florence, that no force 
whateweris able to reduce air into eight hundred times less 
space than that which it -naturally possessed at the surface 
of the earth. It is owing to the power of being artificially 
condensed, that forcing-pumps produced their efifeets, and 
that an air-gun is enabled to discharge a ball to a Consider-* 
able distance with great violence. The air & forced into a 
certain compartnient of die gun bjr means of a syringe or con- 
denser, which drives the air in, and suffers none of it to come 
hack till it be sufficiently" condensed* When the valve 
which confines the air is -opened, the air by its elastic power 
rushes in behind the ball, and forces it out of the barrel with 
great violence. It would be better for mankind, however, 
that no such instruments were ever constructed; Science 
ought always4o hate for its object the construction of instru** 
merits and machines which have a tendency to promote the 
comforts of mankind, not those which, maybe employed by 
unprincipled men as weapons of destruction ; and, therefore, 
the construction of this instrument is alluded to merely as an 
illustration of the powerful effect of the elasticity of the air. 
Would to £kod> that ,giwis, and cannons, and warlike instru- 
ments of all descriptions were forever unknown among men ; 
that swords were beaten into ploughshares, and spears into 
prumng-ibooks ; that nation might no longer lift up sword 
against nation, but delight themselves in peace ! 

The dilatation or expansion of air, in virtue of its elastic 
force, is found to be very surprising. In several experiments 
madesby theiionourahle Mr. Boyle, it dilated at first into nine 
tinges its former space, then into thirty-one times, then into 
sixty, and then into one hundred and fifty. Afterwards, 
it was brought to dilate 8,000 timer its space, then into 
10,000 times ; and, at last, into 13,670 times the space it origi- 
nally occupied, and all this was effected by its own expansive 
force, without the 4*elp of fire, or the principle of heat. 
Hence it appears that the air we breathe near the surface of 
.the earth is compressed by its own weight into at least the 
13,000th part of the space it frould. occupy w vacuo* 'And, 
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as it has been found that it may be compressed into a space 
sixty times less than that which it generally occupies, it fol- 
lows, that the space wbich it mil possess; when most dilated,: 
to that which it occupies when condensed, will be nearly as 
880,000 to one V- The amazing force of this elastic power of 
the air, were h properly directed, might be made to act as a 
strong mechanical power, and there can be* little doubt that 
many of the terrific 'operations of nature— such as earth- 
quakes; volcanoes, the rising of new islands from the bottom 
of the ocean, and the detachment of rocks and fragments of 
mountains amidst the ranges of the Arps> the Andes* and 
other mountainous region s afte to be ascribed, at least to the 
partial operation of this power, in combination with other 
physicaF agents. 

> It has been a subject of intjuiry among philosophers* whe- 
ther the elastic power of the air is capable of being diminished 
or destroyed. -Mr* Boyle endeavoured to discover how long 
air would retain its spring, after having assumed the greatest 
degree of expansion his air-pump could give it, but he never 
observed any sensible diminution. * Mr. Dfesaguliers says* 
that air^ which -had been inclosed half-a-yefcr in a wind-gun, 
had lost none of its expansive power ; and Mr. RobervaT as- 
serts that he has preserved air in the same manner for sixteen 
years; and after that period, he observed that its projectile 
force was the same as if it had been newly "condensed. 

Various causes have been assigned by philosophers to ac- 
count for the elasticity of the atmospbere." The general opi- 
nion which now prevails is, that it depends upon the latent 
caloric, or principle of heat, which it contains, and which 
enables it, to retain its fluid form ; and that caloric is the most 
elastic body in nature. But this is only an explanation 
of elasticity by an assumption tof elasticity. It removes the 
difficulty only one step fttrtheron, and leaves us stfll in the 
dark as to the nature of elasticity, and the reason why caloric 
is endowed with an elastic, power. In this, as well as in 
many other instances, we must vest contented in resolving it 
into the will of the Deity, that such a property should be pos- 
sessed by atmospheric tiir in orcjer to accomplish some wise 
v and beneficent purposes in the economy of creation. 

The elasticity of the air explains a variety of appearances 
hi nature and art. * Poor example, beer or ale,_wheabottledi 
contains in it a Quantity of air, the elasticity of ^vhich is re- 
sisted by the pressure of the condensed air ratween the cork 
and the surface" of the* liquid. On removing the cork, the 
liquid and the air which if contains areltt&eved from this in- 
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-tense pressure. The liquid itself* not being elastic, is not 
-aftectfed by this ; but the "elastic force of the condensed air, 
which has been fixed in it, having 410 adequate resistance, 
immediately escapee, and rises in bubbles to the surface, and 
produces^the frothy appearance consequent upon opening the 
bottle. On a similar principle we may. account for the follow- 
ing appearance. If a man fail into the water, -and is drowned, 
the carcase in a few aays rises and floats, ^xm the surface. 
The privation of life, and the stagnation of the fluids, are soon 
ibybwed' by a' putrid fermentation, which decomposes the 
body. Thus fermentation disengages a, great, quantity of air, 
which : is disseminated among the internal vessels, and as 
this air cannot escape, the body swells by. its r expansion, till it 
becomes specifically lighter than the water, and rises to its 
surface. But, as the putrefaction goes on* the parts give 
way, the air escapes, and the body, bemg^thus rendered spe- 
cifically heavier than the water, sinks, to rise ho more. It 
jb likewise by the elastic property of air that fishes are 
enabled to rise and sink in the water. They are furnished 
with- an air-bladder, which they have the power of contract- 
ing or dilating at pleasure. When the fish compresses this 
bladder, its whole volume becomes less r and it sinks in the 
wat?r; when the pressure is removed, the air in the bladder 
instantly expands, -and it is enabled to rise to the. surface. 
A variety of instances of a similar kind, illustrative of the 
elasticity of the air* might be exhibited : but instead of 
dwelling on- these, we shall now proceed to another depart- 
ment of our subject.' ' 



CHAPTER V. 

THE HEIGHT 0F THE ATMOSPHERE ; OR,. THE^ ELEVATION TO 
WHICH IT EXTENDS BEYOND THE SURFACE OF THE EARTH. 

The height of 4he atmosphere is considered, by many 
writers and lecturers on this subject, as a point fully deter- 
mined, and is treated as familiarly as the height of the Andes, 
or the Alps, or of Mount Etna, or Mount Blanc. But the 
height of the atmosphere has never yet Been fully ascertained, 
and it is. probable" will never be accurately determined. I£ 
Jndeed, the air were of an equal density, from the surface of. 
the earth to* the top- of the atmosphere, its height might he 
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easily determined ;■ for it is found by experiment, that the 
weight of a column of air extending to the top of the atmo- 
sphere is equal to the weight -of a column of water of the 
tame base and 82 feet high. Supposing water to be 840 
times heavier than air — multiply 840 by 33 feet, atid the 

Eroduct will be 96,880 feet, or 5 miles and 'WO yards for the 
eight of the atmosphere, were its density at every elevation 
exactly the same as at the surface of the earth. But we 
know that the density of the air decreases and is more rare- 
fied and expanded the higher we go ; and, from other con- 
siderations we know that it extends far beyond* the limit now 
stated ; so that this calculation can afford ua no accurate idea 
of the height to which the atmosphere extends. * 

Another method, therefore, of determining this point was 
devised by philosophers, which approaches nearer to the truth. 
It is found by observation, that the sun is about eighteen de- 
grees below the horizon before twijight comes to an end in 
the evening. Now, twilight is caused by the rays of the sun 
being refracted and reflected from the higher parts of the at- 
mosphere to the earth ; Otherwise, we should be involved in 
total darkness at the moment the sun descended below the 
horizon. From this circumstance, the height of the highest 
pari of the atmosphere which is capable of refracting the rays 
of light may be determined. 

Let fab (fig. 5) represent the horizon of an observer at a ; 
s d, a ray of light railing upon the atmosphere at n, and mak- 
ing an angle, s d b, of 18° with the horizon ; the angle s da 

Fig. 6. - " 




will then be 102°. Prom the centre c, draw c n,<and it wil 
be perpendicular to the reflecting particles atir, and will .like- 
wise bisect the angle av a. In the right-ahgfed triangle 
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•ea'A, the angle c n am equal to 81 9 ; or,df we allow for re- 
fraction, 81° SKX, a o, the radius, or -half-diameter of the earth, 
is nearly equal to 400 miles. Then by the rules of trigo? 
Bometry, . 

J» to Uwrtde AC, •••••.. 4000 ./•-... 3.«W60 

So ia„ radius, sine of 90* 1 . . . .. 1O0000Q0 " 

T© the ride c I* 40444 miles ••• • - I.... 3.606857 

From c ©, equal to t&e semi-diameter of the earth and atmo- 
sphere, subtract c a, or the semi-diameter of the earthy and 
the jremainder, e d^ equal to 44s miles, will' be the height of 
the atmosphere. In this operation, the logarithms of the 
second and^third terms of the proportion are added, and the 
logarithm of the first term subtracted from the sum. 

Thu«&eo20flo - " 

10.080000 

13.602060 - 
*.996203 

3.60686T ' 

fthe same result is produced by the following proportion :■»— 

AiKadina -..- ...im «•••« io.00000©~ 

' -I« |o AC 4000 *... .3.009060 

SoistheseeantofAOD — 8*» - • 10.094800 

To CD— 4044*. *...: ..8.606860 

it appeals, then, that in ordinary cases, the air, at the height 
of forty-four miles and a half, is capable of reflectingto us the 
fays- of light. But, as a sensible illumination has-been per- 
ceived when the sun is much further belqw the horizon. than 
what has been now stated, there is some Reason to conclude, 
that the Air is sufficiently dense for reflecting a sensible de- 
gree of lig£t at the height of nearly two hundred miles. 

Various . considerations, founded on meteoric phenomena, 
serve to prove that the atmosphere extends to a much higher 
elevation than forty fbUr or fifty miles. In the year 1719, a 
remarkable luminous meteor, or fire-ball, was seen, whose 
altitude was computed to be seventy-tfcree miles above the 
surface of the earth. On the 18th of August, 1783, a. brilliant 
fire-ball passed Over Britain and tjie adjacent countries ; 
and, from various circumstances wnich were particularly 
marked by different observers,- it was calculated that its ele- 
vation above the earth could not be less than ninety or a hun- 
dred miles. In passing over certain parts of England a loud 
report was heard and a hissing noise. .The- meteor of 1710 is 
said to have been attended with an explosion, which was 
heard over the whole island -of Great Britain, occasioning a 
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violent concussion of the atmosphere, land seeming to shake 
even the earth itself. Now, in these, and multitudes, of simi- 
lar phenomena, we have instances of fire add flame, being sup- 
ported, and sounds conveyed to the earth from a height of 
ninety or a hundred mites; and, consequently, even in these 
elevated regions, notwithstanding the great rarefaction of the 
air, it must still have the power of supporting flame and pro- 
pagating sound. Even although the fire-balls alluded to be 
supposed to consist of electrical matter— which is £he general 
opinion-^— yet the difficulty is net thereby removed! ; for, it is 
found, by some late experiments, that the. electrical fire 
cannot penetrate a perfect vacuum. And, therefore, there 
is reason to conclude, that we. are still 'ignorant of the precise 
extent of the atmosphere, and of the nature of the fluids which 
occupy its superior regions. That the meteors now^ referred to, 
however elevated, were not beyond the limits of the atmosphere, 
appears from this consideration, that the atmosphere revolves 
with the earth m its course round the sun, at the rate of 
68,000 miles an hour. Now, as the meteor of 1783 moved 
from north to south, if it had been beyond the limits- tf 
the atmosphere, it would have, been left, in the jcourse of a 
minute, more than a thousand rpHes to the westward, by 
the earth flying out before it, both in its annuaJ and diurnal 
course. 

In short, it appears not altogether improbable to suppose, 
that the visible universe is filled with some fine elastic fluid 
or air, but of such a rarity as to "be no sensible hindrance- fe> 
the celestial orbs, in their rapid motions through the regions 
of space ; and that this fluid accumulates itself around every 
planetary body, in proportion to the quantity of matter it 
contains-— the larger bodies attracting more of it, and the 
smaller bodies less % and tfau^ forming an atmosphere around 
each, corresponding to its nature and destination. And, if 
-this be the case, the atmosphere. of the earth can have no 
definite boundary, but may be said to mingle with, the- atmo- 
spheres of all the other planets which belong to our system. 
There is a certain portion of atmospheric air, however; which 
must always be considered as attached to the earth, and 
which revolves .with it in. its diurnal rotation, aft d is Tarried 
tdong with it In its course round the sun. If the atmosphere 
did not revolve .-along with the earth, we should constantly 
experience ah- easterly wind, blowing with an immense velo- 
city of morer than a thousand .miles an hour, which would 
produce a most tremendous hurricane, which ^yould level 
With the -ground -houses, trees, .forests, and every prominent 
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object on the surface of the earth.' But the particular Region 
where the motion of thVntmosphere terminates, it is impos- 
sible for us to ascertain. 



CHAPTER VI, 

TTHE COMPOSITION OF THE ATMOSPHERE. 

For a long seizes of ages, air was considered by philoso- 
phers as one of the four elements of which Sttl things are 
composed, the other three being fire, earth, and water. But 
the discoveries of modern chemistry have fully demonstrated 
that all these are. compound bodies— that even the air itself, 
fine and invisible as it is, is not a simple substance, but com- 
pounded of different ingredients. This is one of the most 
curious and interesting discoveries of modern times; and 
little more than seventy years have elapsed since it was first 
surmised that the atmosphere is not a simple and homoge- 
neous, but a compound fluid. . The experiments which led to 
this discovery were first made by Dr. Priestley, on the first 
of August, 1774, on which day he obtained what was. then 
termed vdephlogisticated air, now known by the name of oxy- 
gen gas r *nd which forms one of the constituent principles 
of atmospheric air. It was also discovered in the year 1775, 
by M. Scheele, a Swedish chemist, without , any .previous 
kndwledge of what Dr. Priestley bad done, and he gave it 
the name of empyreal air, from its powerful influence in sup- 
porting flame. But, instead of entering into the history of 
such discoveries, and of the processes by which they. were 
. made, a few of the properties possessed by the different iu- 
gradients of which our atmosphere is composed may be 
simply stated. 

The air of the atmosphere, then, is found to consist chiefly 
of two very opposite principles or fluids, termed oxygen gas, 
and nitrogen gas, along with a very small proportion of fixed 
air, or carbonic acid, gas. If any portion of the atmosphere, 
such. as the air in our apartments, he supposed to be divided 
into a hundred equal parts, twenty-one of these parts will 
be oxygen gas,. about seventy-eight nitrogen, and a hundredth 
part, or, according to some chemists, a -thousandth part, will 
be fixed air, or carbonic acid gas* In the first place, a few 
remarks shall be offered on the nature and properties of oxy- 
gen gas* 
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This gat, like common air, is colourless, invisible, add 
elastic, and capable of indefinite compression and expan- 
sion. Its peculiar and distinguishing' properties are :— 1st. 
It is essential to combustion, and is the only principle with 
which we are acquainted by which flame cap be supported. 
When acting by itself, it produces the most rapid conflagra- 
tion of all combustible substances. If a lighted taper be let 
down in a jar of oxygen gas, it burns with such splendour 
that the eye can scarcely bear the glare of %ht, and, at the 
same time, produces a much greater heat than when burning 
in common air. If a niece of iron wire* a watch-spring, of 
a steel file, armed with* a piece of wood, or phosphorus,' in 
an inflammable state, be put into this jps, the steel wihUake 
fire, throwing out sparks, and producing the most brilliant 
appearance, almost dazzling the eye with their splendour* 
In the next place, it is essential to the support of animal life; 
for -it has been proved by many experiments, that no- animal, 
oan exist for a single moment in anjr kind of air which does 
not contain a certain portion of oxygen ; so that man, and all 
the other ranks of animated beings; may be said to depend 
upon this substance, not only for their comforts, but lor their 
very existence. 

Again, the basis of oxygen gives the acid chatacteT to all 
mineral and vegetable salts, from whidh property its name ia 
derived ; for the term oxygen literally signifies, the generator* 
of acids. In short, oxygen is (he vehicle of heat to the ani- 
mal system— it imparts the red colour to the blood in its pas- 
sage through the lungs— -H constitutes tbe basis both of the 
atmosphere which surrounds the earth, and of the water which 
forms its rivers, seas, and oceans ; for water is found to be 
nothing else than a combination of two kinds of air, oxv^eo 
and hydrogen gas. It pervades the substance of all the 
vegetable tribes, and enables themte perform their fnncti'ins. 
In combination with the different metals, it serve* the most 
important purposes in the useful arts ; and, on the whole, 
may be considered as the most extensively useful, and the 
most powerful and energetic agent in the system of nature. 

Oxygen gas may be procured fronTa vanety of substances, 
particularly from nitre, manganese, and the red oXyite of mer* 
cury, and also from vegetables immersed itj water and ex* 
posed to the solar rays. It is .heavier than common air, 
nearly in the proportion of eleven to ten ; onl? hundred and 
sixteen cubic inches of oxygen are found to weigh about 
thirty-nine grains, while the same quantity of common air 
weighs only thirty-five .and a half grains. "n™rl<> 
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" One of the most extraordinary effects of oxygen appears 
when k is combined with nitrogen^n a certain proportion, so 
as to- form what is commonly called nitrous oxyde. This gas 
consists of sixty-three parts rtkrogen and thirty-seven parts 
oxygen. When it is- put into a bladder, and inhaled into the 
lungs, by means of a pipe, and shutting me nostrils, it pro- 
duces an extraordinary elevation of the animal spirits— invo- 
luntary muscular motion — a propensity to leaping and danc- 
ing—involuntary bursts *>f laughter — a rapid flow of vivid 
and agreeable ideas, and a thousand delightful emotions, 
without being succeeded by any subsequent feelings of lan- 
guor .or debility. v When Mt^Southey, tne poet, inhaled this 
gas, he declared that it produced in him sensations perfectly 
new- and delightful. His first sensations were a kind of diz- 
ziness* so as to produce a fear of falling. This was suc- 
ceeded 'by a laugh, which was involuntary tyit highly plea- 
surable, accompanied with a peculiar thrilling in the extremi- 
ties perfectly new, and with the most delightful sensations. 
For many hours after this experiment, he imagined that his 
taste and smell were more acute, and is certain that, he felt 
- unusually strong and cheerful. 

In Professor Silliman's American. Journal 4>f Screncp, we 
have the following account of the effects of this air on one of 
the professor 1 * students, at Yale College, New Haven. ? The 
person en wliom the experiment was made, was a. man of 
mature age r and a( a grave- character, For nearly two years 
previous to his taking the gas, his health was so very dehcaie, 
and his mind so gloomy and distressed, -that he was obliged 
almost entirely to discontinue his studies. In this state of 
debility, he inhaled about three quarts of the nitrous oxyde. 
The consequences were^ an astonishing invigoration of the 
whole system, and the most exquisite perception of delight. 
These were manifested by an uncommon disposition for 
Jriirth and pleasantry^ and by extraordinary musciilar power. 
The effects of: the, gas were felt without diminution for at 
least thirty hours ; and, in a greater or less degree, for mors 
than a week. But 4he .most remarkable effect was upon the 
organs of taste. Before taking the gas, he felt no peculiar 
choice in the .articles of food,; but, immediately after that 
event,- he manifested a taste for such things only as were 
Sweet, and, for several days,, ate nothing but sweet cake. His 
singular taste was, indeed* carried to such excess, that housed 
sugar and molasses, nojt only upon his bread and butter and 
lighter food, but even upon Ms frejsh meat ^and vegetables ; 
and this he continues to do (says the narrator) at the present 
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time, although efght days hare elapsed since he inhaled 
the gas. His health and spirits since that time have been: 
uniformly good, and he attributes the restoration of strength 
and mental energy to the influence of the nitrous oiyde; 
He is quite regular in hia mind, and now experiences no un- 
common exhilaration, but is habitually cheerful, whereas, be* 
fore, he was habitually grave, and even, to a degree, gloomy 
and melancholy." 

The writer has inhaled this gas, and can attest its pleasing 
and exhilarating effects*. It produced a disposition to laugh* 
ter, which no consideration could resist, and a wish to See 
from the apartment in which the experiment was performed, 
that laughter might be indulged without restraint. It pro- 
duced, like wise, an agility and a tendency to skip and jump ; 
and, during its effect, a flow of pleasing jdeas' passed through 
the mind, and the lapse of a few seconds seemed to be mag- 
nified into as many hours. He has witnessed its effects both 
on the male and on the female sex. tie has seen a little 
grave man, possessed of a meek and Hrell-culti rated mind* 
capering through the room with air the airs of a king, bran- 
dishing his staff*, and jumping till his head nearly touched the 
ceiling of (he room, about eight feet high* Whe», afterwards^ 
asked why he" brandished his stick, as if he bad been going 
to fight, he replied, that he imagined there was a beautiful 
and extensrve scene before him, which he wished to approach ; 
bufwas prevented by the company around him, anjl, there- 
fore, was obliged to clear his way, like a policeman when 
keeping off* a crowd. The writer has, also, seen .a female 
rapt into perfect ecstasy in consequence of the feelings she 
experienced, expressing her emoti&ns in the most poetic ex- 
clamations, and tossing her shawl, her head-dress, and her 
slippers, from her as unworthy -of attention, and altogether 
regardless of the looks and opinions of.surrounding spectators. 
But, in order that this gas may produce fie full effect, it re* 
quires some attention and dexterity in breathing it. The nos- 
trils ^must be stopped, and no atmospheric air, if possible* 
should be allowed to mix with the nitrous oxyde. For want 
of attending to such precautions, some persons who attempt to 
breathe it, never felt its peculiar effects. 

It has. been ascertained from various experiments, partictt* 
larly from those made by the late Sir Humphrey Davy, that the 
nitrous oxyde produces a somewhat similar effect upon in* 
sects, and other animals/which are 'found to jump and caper 
about in a frolicsome manner, as if highly debated, when 
immersed in this gas; ' • 
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Hte§e, and other effects, arising from the breathing t>f this 
fery singular fluid, show us with what ease the Almighty 
Could -produce in us either 4he most delightful ,or the most 
painful sensations, merely by a slight modification or change 
Of the principles of which the atmosphere is composed. Cer* 
tain combinations of oxygen arid nitrogen gas would produce 
a fluid, which would inflict the most excruciating pain, and de- 
stroy the corporeal system in a few minutes. Sulphuric acid, 
or aquafortis, a most deadly fluid, when taken into the mouth 
or stomach, js composed of seventy-five parts oxygen and 
twenty : ilve parts nitrogen, which is only a different propor- 
tion of the same ingredients which constitute the air we 
breathe. Were, therefore, wit atmosphere composed of such 
a proportion of these two gases, it is eafcy to foresee the fatal 
consequences which would result from breathing s\ich a fluid. 
-On the other hand, we may learn hdw' an intelligent mind 
connected with a corporeal frame, somewhat analogous to oara, 
may be preserved in a state of unifomf cheerfulness, and even 
Of exquisite delight, by breathing an atmosphere somewhat 
similar to that of nitrous oxyde. In other worlds, 'where thq 
inhabitants have retained their original integrity, this may be 
the case. The other planets of our system or of other sys- 
tems, ^though encompassed with atmospheres, may have 
them of very different qualities from ours, as to their transpa- 
rency, their refractive and reflecfive powers, and the influ- 
ence they produce on the mental and corporal constitution of 
their inhabitants. Our atmosphere exhibits evident marks 
of Divine wisdom and benevolence ; but if is adapted to man 
considered as in a state of depravity and imperfection, and 
appointed to a short mortal existence, and is not fitted to pre- 
serve him in an immortal existence in the present state, as 
was probably the case when . this world was first arranged, 
and when man proceeded, from the hands of his Creator as a 
holy beingy 

The next component part of the atmosphere is nitrogen gas, 
or what is sometimes termed azote. It is chiefly distinguished' 
by its negative qualities. In the first place, no -combustible 
body will burn in it; for, if a burning candle be immersed in 
a jar filled with nitrogen, it will be extinguished as instanta- 
neously as if plunged in .water. " If a lighted taper be ptrt'in- 
to a close vessel full of common air, it will burn till all the 
oxygen be' consumed, after which, as nothing but nitrogen 
remains, it will instantly go out. In the next place, it is in- 
capable of supporting animal life ; for,, if any living being be 
obliged to respire it, it drops down dead almost instantaneous* 
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ry ; and, from this circumstance it derived the name of azote, 
which signifies life-deprlver. It is this gas which passes 
from the lungs at every expiration ; and, were we to breathe 
it again, without any mixture of other 'air, we should be in- 
stantly suffocated. But, being lighter than atmospheric air, 
it rises above our heads, and enters into new combinations. It 
is owing to the presence^ of this gas, rising from several hun- 
dreds or thousands of lungs, that candles burn so dimly in the 
higher parts of crowded churches and assemblies. It is, 
therefore, a striking consideration, that nearly four-fifths of 
the air we breathe consist of this noxious and destructive 
fluid. But, though it is destructive to animal life, it forms an 
important element in the system of nature : it enters exten- 
sively into combination with other substances ; and its exist- 
ence in such a large quantity is a chief distinction between 
the constitution of animal ana vegetable matter. It likewise 
exists in the products of severaj vegetables, and appears to be * 
favourable to plants and flowers, which vegetate freely when 
surrounded with nitrogen. This gas is nermanently elastic, 
transparent, colourless, and inodorous. Its specific gravity is 
0-9748, that of common air being J '0000 ; apd one hundred 
cubic jnches of it weigh about thirty grains. ,It slightly tinges 
delicate blue colours with green. _ 

. The other ingredient mentioned as forming a small por- 
tion of the atmosphere, is carbonic acid gas, 1 or what ,was for- 
merly called fixed air. This gas constitutes about a hun- 
dredth, or, according to some chemists, about a thousandth 
part of the atrncsphere. It is found in a state of combination 
with limestone, chalk, marble, manganese, and .other sub- 
Stances, from which it hiay be extracted by the application of 
heat, or of the mineral acids, and in considerable abundance 
in mines,, caves, the bottom of wells, in wine-cellars, brewers* 
vats, and in the neighborhood of lime-kilns. It is invisible 
and elastic, and is the heaviest of all the gases, being consi- 
derably heavier than common *air* and, therefore, may. be 
poured from one vessel to another, like water. Its. specific 
gravity is 1*5123, that of common air being reckoned 1*0000, 
so that its gravity is more than one and a half that of at- 
mospheric air. One hundred cubic inches of oxygen weigh 
nearly thirty-four grains, while one hundred cubic inches 
of carbonic acid weigh -riiore than forty-six and a half grains. 
It is this gas which has, deprived of life many individuals 
who have descended into deep wells which had been, long 
phut up from the air, and which produces so many ravages 
in coal-jnines, under the name of the choke-damp ; for 
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it is almost instantaneously iatai to all animals that breathe 
it.; Wherever it is found, it always occupies the lowest 
place, on account of -its superior weight ; and* therefore, in 
those caves where it abounds, a person may walk erect with- 
out danger ; htft, were he to lie down, he would be instantly 
suffocated. The Grotto del Gani, or the Dog'a Grotto, in Italy, 
is well known. It is an artificial cave, in which there is a 
constant natural exhalation of carboak-acid gas. The follow- 
ing feat is shown to strangers i-r-A^man carries in a dog, and 
places him on the floor ? the dog* if left long^enough, dies ; 
Wit the man is not affected ; for the carbonic-acid gas, by it* 
weight, occupies the lowest stratum of about eighteen inches 
depth, and the stratum above that height m pure air.. But 
that it is poisonous to man, is evinced by the fate of persona 
who incautiously expose themselves to the, vapours of char- 
coal burning tn ill-ventilated apartments, or who venture* 
into large vessels, in which fermentation had been conducted* 
as in breweries and distilleries. Many persona, from i^no- 
ranee of the prevalence of this gas in the vicinity of lone- 
works, have lain down tp repose, and in a short time have* 
•slept the sleep of death. As this, gas is destructive to ani- 
mal life, so it extinguishes flame. , Tttis can be strikingly 
shewn by letting down a burning taper to the botton> of a 
gkss jar,fiUraga bottle with carbonictftcid gas, and pouring it 
as j$ it were water into the jar ; the flame is immediately extin- 
guished. It is this gas which gives briskness and an agree- 
able pungency to fermented liquors, as porter and afe> and 
which appears on their surfaee in the form of a White froth* 
AH kinds of spring and well water contain carbonic acid,, 
which they absorb from the atmosphere* and to wtu^h they, 
are partly indebted for their agreeable flavour.. Boiled water 
has an insipid taste from the absence of carbonic acid. 

The base of caibonic-aeid gas is distinguished by the name- 
carbon? which is nearly allied to charcoal. It exists largely 
in animal substances, and is extensively distributed in the 
mineral kingdom. The only body in which carbon has been 
found to exist in a state of absolute purity, is the diamonuV-a 
precious stone which has always been esteemed as the most 
valuable of the gems ; a superiority which k owes to its hard* 
fees*, lustre, and high refractive power. It uniformly occurs, 
crystallized, and presents a great variety of forms. Its spe- 
cific gravity is 3*5, water being 1. Its hardness is extreme, 
so that k can be worn down only by. rubbing one diamond, 
against another, and is polished only by the finer diamond 
powder. The diamond* by behig intensely heated with j* 
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burning-glass in oxygen gas, burns with a bright red tight, 
and converts the oxygen into pure carbonic-acid gas, as char- 
coal does. Carbonic-acid gas' is, therefore, to be considered 
as a solution of diamond in oxygen gas, even when it is pre- 
pared by the combustion of mere charcoal. It 'may not be 
altogether useless to remark, that in all places, such as wine- 
celfers, vaults, and deep wells, where the presence of car- 
bonic-acid gas is suspected, it is proper to use the precaution: 
of trying whether a candle or taper will burn in such places 
before we venture into them. If it be a deep well that re- 
quires to be cleaned, a burning candle should be let down 
with a cord, and if it go out before reaching the bottom* of the 
well, no person ought to venture down before the noxious air 
is removed. ^ -.-.«- ^ 

Such t then, are the three constituent principles of the at- 
mosphere in which we live and breathe. "We ought not, 
however, to conceive that the principles which form our at- 
mosphere, and the proportion in which they are combined, 
constitute the only fluid which is fitted for supporting animal 
Kfe and vigour. It is a fluid which seems to be adapted only 
to mortal men t ahd calculated to support the vital functions * 
only to the period of eighty or one hundred years. • It is not 
at all improbable, that it is owing to the large proportion rf 
nitrogen which enters into the composition of the atmosphere 
that renders it unfit for supporting' human life beyond-a cer- 
tain short and limited period ; and that, were a much larger 
quantity of oxygen combined with' other gases, in a certain 
proportion, and some slight changes e.ffectedin the other ele- 
ments of nature, the lives of men and other animals might be 
protracted to several hundreds or thousands of years, and their 
spirits preserved, at the same lime, in uninterrupted cheer- 
fulness and vigour. Nor is it altogether improbable that, in 
the course of those improvements which are now commenc- 
ing throughout the world, the air of our atmosphere may be 
greatly ameliorated, and rendered more salubrious and invi- 
gorating to animated beings, when tjte stagnant marshes which 
abound in every part of the globe shall be completelydrained ; 
when thoseimmense forests which now cover a great part of Asia, 
of New Holland, and of the continent of America, shall bexut 
down, and the soil laid dpen to the influence of the solar rays 
•^-when the reefs which are now rising from the ocean r by 
the agency of minute creatures, shall be formed into conti- 
nents and islands— when the barren deserts of Africa shall be 
transformed, W human ^science and industry, into fruitful 
fields— when the eoM throughout every region of the -globe 
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shall he universally eultivated-*-when those immense thickets 
and jungles where the lion and Jhe tiger now roan\ tmdis- 
tufbeu, shall he changed into c ( orn-fields, gardens, and Or- 
chards, and become the seats of civilization and of peace— 
in short, when the whole earth shall form one wide scene of 
rural and architectural beauty— we have every reason to be- 
lieve that then the different climates of the earth Will be 
greatly meliorated ; that the fury of those^-storms which now 
carry destruction in their train will be greatly abated — and 
that the very atmosphere round us will be so jinodified, puri- 
fied, and improve^ so as to render it capable of prolonging- 
the 'fife of. man for perhaps two or three hundred years. 
Such effects correspond to what is predicted respecting 'the, 
state of the world during the millennium, when the instru- 
ments of warfare shall be beaten into plough-shares and 
pruning*hodks ;- when peace > shall reign tnumphant over \he 
world, and when every man shallsit under his vine and fig-tree 
without fear of annoyance. At which period it is predicted, 

ihat the life of man shall be extended beyond its present boun* 
daries. For thus saith Jehovah, " As the days of a tree* 

. are the days of my people " — "-they «haH build houses* 
and inhabit them \ and they shall plant vineyards and eat 
the fruit of them ; ; .. and, mine eject shall long enjoy the 
work of their hands." " Then shall the earth yield neV in- 
crease ; and God, even our own God, shall hless us." , 

All the operations and ameliorations now alluded to are 
perfectly practicable* were the moral state of man improved. 
Coulehtfe undermine the principle of avarice and selfishnessun - 
the human heart ; could we" promote a spirit of harmony .and 
general benevolence among" human beings ? and were the 
whole b63y of mankind to exert their powers in unison, in 
the . cause of universal improvement — thiB earth, which, in 
many places, appears like a world in ruins, might, ere long, 
be transformed into one wide terrestrial paradise. But princi- 
ples and dispositions directly opposite to these have, for the most 
part, hitherto prevailed. The present state of the moral world, > 
and the infernal passions which iiave raged among mankind for 
ages past, have rendered * it expedient, in the moral govenv- 

-ment of the. Almighty, that the life of man should not extend 
much Beyond " threescore years and ten," ih order that, wick- 
edness may be kept withiri certain bounds. ; ^nd, therefore, < 
no extraordinary or extensive improvements in science and 
art; or iri the general- cultivation of the earth, can he expected 

- . * Certain specie? of trees are said to continue in vigour during a period 
of five Jrandred years, as the oak and several .other trees. 
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till the moral powers of nan be cultivated and improved along 
with the intellectual ; till the religion of Jesus be universally 
recognised in all its bearings ; till its holy principles and 
practical precepts .pervade every heart ; and till a spirit of 
lore, kindly affection, and benevolence distinguish the general 
mass of society in every land. 

But, to return from this digression, it may be further re- 
marked* that it ia highly probable that the component parts of 
the atmosphere, in the ages l>e fore the flood, were very differ- 
ent from what they now are, and that it was owing to the pe T 
culiar constitution of the air which then existed, that the 
lives of the antediluvians were prolonged to nearly a thousand 
years. At the period of that awful .catastrophe, when the 
fountains of the great deep were broken up, and the windows. 
of heaven were opened, and the solid strata of the earth dis- 
rupted, it is probaWe lhat the atmosphere, too, underwent an 
important change by the dissolution of some of its elementary 

Eart& so that it had a tendency to cut short the lives of main- 
ind in all succeeding ages T *ad, till the ruins which were 
produced by that physical convulsion be in some measure 
repaired, the same cause will produce the same effects. 

In shorty an atmosphere is not peculiar to the globe on which 
we dwell. We know, from observation, that the planets 
Mars, Venus, and Jupiter, are. furnished with atmospheres ; 
and it is probable that every planetary world has a similar 
appendage. But their nature maybe as different from ours 
as are the nature of their inhabitants and the, constitution. of 
the globes on which they reside. 'While our atmosphere. is 
fitted only to prolong the 'lives, of, mortal men for a limited 
number of years, the atmospheres of some of the other planets 
may be so impregnated with the vital principle as to support 
immortal bodies in undecaying vigour, and to cause stfch an 
elevation p£ spirits as will produce uninterrupted ecstasy and 
delight. And all this may oe effected^ by the same elementary 
^principles of which our -atmosphere is composed* but differ- 
ently modified and compounded by the hand of the Al- 
mighty. The experiments with nitrous oxyde, formerly men- 
-tiotiedr show us what striking effects may be produced by 
different combinations of the gaseous fluids ; and, therefore, it 
is not improbable that the atmospheres of all the worlds in the 
universe are only different modifications of these substances, 
suited to^be constitutions of their inhabitants, and the spheres 
they occupy in creation. In the operations of the Almighty 
throughout the system of nature, we perceive a striking sim- 
plicity in the means^ producing an infinite variety of'asto- 
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nishing results; From a few simple substances—calorie, 
light, water, air, and carbon— are produced all tjie diversity 
of forms and colours which appear among the sixty thou- 
sand species of plants which adorn the vegetable king- 
dom, and almost all the- diversified phenomena of sublunary 
nature. And it is not unlikely that different combinations of 
these, and: a few other substances, produce all that variety 
which appears throughout the boundless Universe ; and may 
give birth to all the changes and revolutions through which 
the different systems of creation- may pass during every period 
of infinite ' duration. For He * who arranged the system 
of universal nature ** is wonderful in counsel, and excel- 
lent in working" — "his wisdom i* unsearchable," his power 
irresistible, and the ways of his providence a :pa8t Ending 
out,." ■ > - 



CHAPTER VI£ 

•'""■' - ~ - s t ' - 

<THS BENEFICIAL EFFECTS OF THE ATMOSPHERE IN THE SYSTEM 
.OF NATURE. 

This subject presents an immense field of contemplation, 
.rwhich it, would require several ' volumes fully to illustrate : 
and, therefore, a few general statements ««i ilhtstfaliona can 
, only be given. 

1^ In the first place, air is essentially requisite to the ger- 
mination and growth of plants ; and, therefore, to the mflu- 
. ence of atmospheric ait all the beauties of the vegetable' crea- 
.tion are to be chiefly ascribed. By experiment^ ft is found 
that the. access of atmospheric afr is ne less necessary for 
plants than it is for the continuation of animal life. Like 
animals they are found to die when confined within a vacuum, 
or deprived of the vital air. * The influence of the atmosphere 
is equally essential at every period of their existence, fifcm 
the germination of their seeds to, the full development of all 
their organs in the perfects plant. Their leaves, acting in 
some measure like the lungs of animals, absorb oxygen' gas 
during the night, and carbonic-acid gas . during the day; and 
this alternate process is found to be essential to thenr growth 
ana\ nourishment. Even the .green colour of plants, which is 
-produced chiefly by the influence of light, is proved not to be 
perfected without the co-operation of oxygen ga#. It isJbund 
Vol X * E 
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that pure air, or oxygen gas, may be procured by putting the 
leaves of plants into water, and exposing them to the sun. 
In purifying contaminated air, Dr. Priestley discovered that 
vegetables answered this purpose most effectually. Having 
rendered a quantity of air very noxious, by mice breathing' 
and dying in it, he divided it into twolreceivere, inverted in 
water, introducing a aprijr of mint into one of them, and keep- 
ing the other receiver, with the contaminated air i^it; alone. 
He found, in about eight or nine days after, that the air of 
the receiver into which he had introduced the aprig of mint 
had become respirable ; for a mouse lived very well in this, 
but died immediately upon being introduced into tfafe other 
receiver, containing the contaminated air alone. It is* like- 
wise proved by experiment, that the simple component. prin- 
ciples which are essential to the formation of vegetable matter 
are but three in number, namely, carbon, oxygen, and hy- 
drogen ; and these form the bases of carbonic acid gas, oxygen 
gas, and hydrogen gas. From the various proportions in 
which these ingredients are combined, results almost all the 
variety of vegetable matters which fell under ourwtic*. 

To the atmospheric influence, therefore, we are indebted 
for all the productions of our fields and gardens, and for all 
that diversity of prospect and colouring which the vegetable 
tribes spread over the landscape of the world) Ivis trufe, in- 
deed, that water is also necessary for the production of plants. 
But what is water? It is nothing else than a composition of 
two kinds of air, oxygen and hydrogen, combined in certain 
proportions. Now, it is- found that plants have the power of, 
decomposing water into these two principles, throwing off- a 
part of the one, and* absorbing a part of the other. The elas? 
ticity of the air has likewise an important influence on the 
air-vessels of vegetables ; for the contained air, alternately ex- 
panding and contracting, according to the increase or diminu- 
tion of the heat, alternately presses the. vessels, and eases them 
again, thus keeping up a perpetual motion of their juices. 
It hat likewise been ascertained, from recent experiments, 
that the pressure of the atmosphere has a powerful influence 
on vegetation, which suggests to us one of those causes which 
prevent trees from flourishing on the elevated sides of lofty 
mountains. 

2. The pressure of the atmosphere has an influence in pro 
serving* water in the state in/whieh we find it.' Nothing is 
of more importance te the comfort of man and other creatures, 
and to almost all the processes of the arts, than water— with- 
out which our globe would be transformed into an imnlentfe 
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desert. -But, if there were no atmosphere, all the waters on 
the face of the earth would boil, and he. evaporated with a 
very slight degree of heat.. The ocean would he drained to 
its lowest caverns, the rivers would cease to flowi the springs 
would he dried up, and the whole surface of the land ex- 
hausted of that moisture so essential to the existence of the 
animal and, vegetable world. Indeed, it is not improbable, 
that all the .substances on the earth, solid v as well as fluid, 
would be dissipated into vapour. 'That suth effects would 
actually take place, appears from a variety of experiments. 
If we fill a long-necked bottle with boiling water, and cork 
it close, so as to exclude the air, and place it in a bjasin of cold 
water, the water will sink in the neck of the bottle as it cools-. 
.This shrinking of the water will produce a vacuum in the 
upper part of the bottlevand the water within it will be seen 
to recommence ooiling with great violence* which can arise 
from nothing but the covk taking off the pressure of the at- 
mosphere from the water. In like manner, if we place water 
that Jias been cooled several degrees below boiling, under the 
receiver of an air-pump, it will begin to nail as soon as the 
air is exhausted. It requires a heat of 213° of Fahrenheit's 
thermometer to make water boii -under .the common pressure 
ef.the atmosphere; but m the exhausted receiver of an air- 
pump, it boils when heated to only about 67°. The pheno- 
menon exhibited by what is called the pulse-glass* is also 
owing to the same, cause* -*- This glass, having two bulbs* is 
partly filled with spirits of wine, the air is extracted, and the 
glass hermetically sealed; and when the hand is applied to 
one of the bulbs, it causes a heat which produces an ebulli- 
tion in 1 the'spirits of wine. It is likewise owing to this pres- 
auxe that porter, ale, and other fermented liquors are pre- 
served in bottles ; without which they would either rusk with 
violence out of their mouths, or burst them to pieces. It is 
owing to the same power that bailing water is preserved i a 
our pots and kettles, when used iri cooking, without, the in- 
fluence of which it would soon dilate itself, ruth over the 
vessels, and he dissipated into vapour. 
' 3. It is, to the atmosphere we are indebted fer the action 
of fire and flame. Fire is essentially necessary to human ex- 
istence* even in the warmest climates of the globe. By its. 
means the inhabitant of : the desert frightens from his dwell- 
ing the beasts of prey, and~ drives away the insects which 
thirst for his blood. By its means ako,-mar& in every coun- 
try, prepares his^food, dissolves the metals, vitrifies rocks, 
hardens clay, softens iron, tempers steel, and gives to all the- 
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productions of the earth the form and combination* Which his 
comfort and necessities require. But/ without the rhai air, 
no flame can be extrieatea, nor^fire made to burn. This is 
proved by putting a burning taper within the receiver of an 
air-pump, and when tbe ait is extracted it k instancy extin- 
guished. The act of combustion effects an analysis of the 
air; it separates its component parts i the- oxygen of the at- 
mosphere combines with the combustible body ; caloric, in 
the form of sensible heat, is thrown off in every direction ; 
and therefore, where no oxygen exists, it is impossible to 
make even the most combustible' body produce beat or flame. 
4. It is on the influence of the atmosphere that respiration 
of all animals depends. The process of respiration is -carried 
on by means of the kings. These are distinguished into right 
and left. The right, or larger rang, is > divided into three 
lobes ; : the left, or smaller, into two. The internal fabric of 
the lungs is composed of an infinite number of small mem- 
branous cells, full of air, communicating with one another* 
the number of which Dr. Keil and other, anatomists have 
computed to be at least 1,744,000,000, that is, one thousand 
seven hundred and forty-four millions. The air from with- 
out rushes into these vesicles, and is again expelled 1*206 
times erety hour: and during the same time we consume 
about 48,000 cubic inches of air, or, at the rate "of seventy- 
seven wine hogsheads in a day. The chief uses of respiration 
are-*-!, to bring the blood in contact with the ait; 2, to effect 
certain changes in the mass of the blood ; and ft, to produce 
animal heat. 'Accordingly, the lungs' are so constructed as 
to allow the largest possible quantity of deteriorated 'blood to 
enjoy th£ fullest intercourse with the largest possible quantity 
of vital air. It has been calculated by Dt. Hales, that each -air- 
cell is the one-hundredth part of an inch in diameter, and that 
the amount of surface furnished by them, col JeQtively, is equal 
to twenty thousand square inches'. Others have estimated 
the surface to be more than 1500 square feet; and Dr. 
Monro states, that it is thirty times the surface of the human 
body. From numerous experiments, it has, been found 
that* the blood perpetually receives- oxygen gas from the at- 
mosphere by' the agency of the lungs^and that its red colour 
is derived from this - source. The blood is purple when it 
arrives at the lungs from the heart ; but, having there thrown 
off hydrogen and carbon,, it imbibes the vital air of the atnxH 
sphere, which changes its dark colour to a brilliant red; ren- 
dering it the spur to the action of the heart and arteries, and the 
source- of motion and of- animal heat. The blood, is thus in- 
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debted every moment to the invigorating influence of the at- 
mosphere, without which the' heart wouW cease to beat, the 
circulating fluids would stagnate, and the body become a cold 
putrid mass, without sensibility or motion.. 

The" following are some of the results of experiments in re- 
lation to this subject, lately performed by Dr. 8. Smith, 
" 1. The Toiumeof air ordinarily present in the Jungs is 
twelve English pints. 2. The Volume of air received by the 
lungs, at an' ordinary inspiration, is one pint., d. The vo- 
ltrme of air expelled from the lungs at an ordinary expiration, 
is a little less than one .pint. 4. Of the volume of air re- 
ceived by" the lungs at one inspiration, only one-fourth partis 
decomposed at^one action of the heart, and this is so decom- 
posed, in the five-sixth parts of one second of time. 6. The 
blood circulates through the system, and returns to the heart 
in one hundred and^ sixty seconds of^time, which is exactly 
the time in which the whole- volume of air in^the lungs is 
decomposed. These circuits are performed evejy eight 
minutes ; five hundred and forty circuits are performed every 
twenty-four hours. 6. The quantity of blood that flows to 
the lungs,, to be acted- upon by the air at one action, of the 
heart, is two ounces, and this is acted upon in less than one 
second of time, 7. The quantity of blood in the whole bbdy 
of the Jiurnan adult is twenty-four pounds avoirdupois, * or 
twenty, pints. 8. -In twenty-four hours, twenty-four hogs- 
heads of blood are presented to the hings, to receive the in- 
fluence of the vital air. 9. In the mutual action which 
takes' place between the quantities of • air and blood which 
come in contact in ^ twenty.-four hours, the air loses three 
hundred and twenjfy-eight' ounces v of oxygen, and>,the blood, 
ten ounces :6f carbon. " ' ; _. 

Such are the wonderful processes in reference to respira- 
tion as dependent on the atmosphere. When we reflect that 
a stratum yof blood, several, hundred feet i^ surface, is 
exposed to a stratum of air still more extensive, and all com- 
pressed within the compass of a few inches, we cannot but 
be filled with, admiration at the Divine wisdom displayed in; 
this and many other functions of the human system, which 
so far surpass all the contrivances of genius, science, and art. 
In every part of tye workmanship of the Almighty, even the 
most* minute, we perceive the impress of infinite goodness 
and intelligence, demonstrating that He who formed the hu- 
man-frame' and the surrounding elements is " wonderful in 
counsel-, < and excellent in working." ' Not only are terrestrial 
animals and the, fowls of heaven dependent for existence en 
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the atmosphere, bat even the fishes of the sea cannot subsists 
for any length of time wjlhout its invigorating influence. 
Every fish is furnished with an air-bladder, by which it is 
enabled to rise in the water, or sink into it at pleasure. The 
lungs of fishes are their gills ; these consist of filaments,' ar- 
ranged somewhat like -the feathers of a quify; they are found 
to be covered with minute processes, crowded close together,' 
and on which are observed, by the microscope, millions of 
capillary blood-vessels spread, like a net-work, over the 
whole surface. It is through the thin coats of these vessels 
that the air acts upon the blood they contain. When a fish 
is taken out of the water, the reason it cannot breathe is* that 
these filaments collapse, and adhere together in a mass, ami , 
the air cannot separate them. If the air be extracted from 
the water in which fishes swim> or if they have no free com- 
munication with the air, they are soon deprived of existence. 
5. The atmosphere is. the medfom in which the process 
of evaporation is carried on, and m which clouds, rain, and 
dew are produced. By the heat of the sup and other causes, 
an immense portion of matter is daily carried up into the at* 
mosphere in the form of vapour, in which state it occupies a 
space 1400 times greater than in its^ ordinary liquid state. It 
has been found, by experiment, that an acre of ground, in th& 
course of twelve hours of a summer's day, dispersed into the 
air* by evaporation, 16,000 gallons of water. Every hour 
there are exhaled m this way, from the surface of the ocean, 
many millions of gallons, and every year about 40,000 cubical 
miles of water. This vast body of water* sometimes in an 
invisible form, and sometimes in the shape of clouds, is -carried 
by the winds over the different regions of sea and land. A 
part of this' water is- condensed into thick clouds, and Mis 
down in rains on the continents and islands, to fertilize the 
soil ; a part descends on the .seas and oceans ; and another 
part supplies the sources of the rivers, by which it- is &gai& 
returned to the ocean, whence^it was chiefly derived. This 
continued circulation of vapour through the atmospherical re* 
gions, is^one of the most important processes in the 'system 
of nature connected with our globe. By means of it* the 
Creator displays his wisdom and unbounded benevolence, in 
conveying fertility to the different- climates, qfr the earth, and 
thus supplying nourishment and comfort to man andio-aU 
the inferior 'orders of animated existence. But it is evident 
that, without the ministration of the atmosphere, these bene- 
ficent operations could n6t be carried on, and the earth would 
be left to parch under the rays of the gun, till it were trans* 

Digitized byV^iOOQlC 



buort ay ths AMwrnw*. 66 

Armed into a bteak and barren desert. It, is owing to this 
process of. evaporation that our clothes and linens are <lried 9 
alter having been washed, and that our, roads are rendered 
clean for walking upon, after having been, drenched with 
heavy showers of rain, or covered with deep shows; with- 
out the operation of which, a thousand discornforts and incon- 
veniences weuld be felt in all the scenes of domestic life, and 
the operations of art ; and this world would cease to be an 
ttbode of happiness and enjoyment. , 

6. The density of the atmosphere- gjves buoyancy to the 
clouds, and enabJe^tbe feathered songsters to transport tbem* 
selves with ejtse from on* part of the earth to another. -If the 
air near the earth were .much rarer than it is, the clouds 
would sink to the surface of the earth, involve the world in 
a dismal gloom, apd intercept our views of the beauties of the. 
terrestrial landscape, and of the glories ef the midnight sky. 
The birds would be unable to perehon the tops of lofty trees, 
or to wing their flight from shore to shore. As a proof of this, 
Mr. Robertson, who ascended in a balloon from, St. Peters- 
burgh, in 1804, informs us that he took along wKh him some, 
live pigeons* anil, aKdifferent. heights, gave liberty to these 
birds, who seemed very, unwilling to accept of it. The poor 
animals Were so terrified with their situation, that they clung 
to the beat of the balloon till they were forced from it, when 
it appeared jheir fears were not groundless ; fin*, their wings- 
were nearly useless, from the rarity of the air, and they fell 
towards the earth with great rapidity. The second struggled- _ 
with eagerness to regain the balloon, but in vain ; and the 
ihird, thrown out .at the greatest elevation, fell towards Ihe 
earth like a stone, so that he supposed, it did not Teach the 
d&rth alive, -• This was evidently owing to -the extreme 
rarity of the ak in those upper regions to which the balloon 
ascended. ' ' 

7. Xhe atmosphere is the region in which wirfds are pro- 
duced, which perform many important offices in the economy 
of our globe. ' Winds are nothing else than portions of air in 
motion 1 ; and although they sometimes excite our fears- by the 
violence of their rage, and scatter destruction by sea and land* 
yet their agency, -on the whole, is highly beneficial, and even 
essentially necessary to mankind. They purify the air by 
keeping it in perpetual motion-* they disperse the noxious 
vapJ&iTS that are continually rising, from stagnant marshes 
•and common, sewers ; they sweep the chambers of the atmo- 
sphere ; they ventilate the streets of populous cities, and pre- 
vent the accumulation of those noxious effluvia which would 
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produce pestilence and death ; they scatter the aee&sr of vari- 
ous plants over every region ; they fan .the air under the 
scorching heats of summer, and diffuse refreshment over* 
fainting world ; they make our millstones revolve as nimbky 
as the wheels of a charjot, and they serve as wings to our 
floating edifices, to impel them across the ocean, and to bring 
them back laden wkh the treasures of distant lands. 

Were the agitation to cease which the wind produces, all 
nature would be thrown into dhe Utmost confusion. Naviga- 
tion, to' distant shores, as hitherto most generally conducted, 
would be at a stand, and ships would be arrested in the midst 
of the ocean. The vapours exhaled by the heat of the sun 
would* remain for ever fixed* over those particular spots 
whence they arose, instead of being dispersed, as .they how 
are, over every region. ' One part of the World, by the inter- 
position of stationary clouds, would be for ever deprived of 
the direct influence of the solar rays, and of the light of tfya 
stars ; while, in another part, the soil would be parched, and 
the grass burned up, for want of a veil of clouda to ntodify 
the heat of the sun. One region would be scorched for want 
of moisture, and another drenched with excessive rains* 
The piitrid exhalations of dunghills, marshes, and populous 
cities, Would remain perpetually suspended around the places 
whence they arose, and produce diseases and pestilence, 
which would sweep the inhabitants- of the earth fn rapid suc- 
cession to the grave. But in the existing economy, of nature, 
all such' disastrous effects are prevented by the agency of the 
winds/ which distribute the -clouds in due proportion over 
every knd, and serve as ventilators to all the; regions of the. 
atmosphere. - s 

#.. Afr h the vehicle of smells, by the- transportation' of 
which we become acquainted with the good or bad qualities 
of^the food which is set before us, and are warned against 
sitting in places that are damp and dangerous, or entering 
houses that are unwholesome or infectious. By means of the 
air, the odoriferous 'effluvia of plants and* flowers are diffused 
over the fields, and '-conveyed to the nostrils, to increase our 
delightful sensations, when wandering among the scenes of 
nature. , * v * . 

9. Air is likewise the medium of sounds. In consequence 
of its -elasticity and undulating. motion, it conveys to us know- 
ledge and enjoyment of different .kinds, which cannot be con- 
veyed to the organs of sight, of taste, or .of smell. A few 
strokes, on a large bell will, in the course of a few Seconds, 
by the undulation'' of the atmosphere, reach the ears of a. 
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hundred thousand men, and convey intimations ^itber of joy 
of terror. The sounds produced by the undulations of the* 
air may be considered/ as so many couriers rannjng back- 
wards and forwardvand in every/direction, to warn us. of 
danger, to inspire us with joy, and to communieate various 
delightful sensations. When we walk along the road, musing, 
and unapprehensive of danger, a maij-coach may be whirling 
on in its rapid career, and just at our heels, ready to reS 
over us; but the air, like a watchful friend, despatches 8> 
courier from a considerable distance to warn us that danger 
is approaching, and to remove to ^he -path of safety. While 
we walk along the Streets of London,, and olher cities, we are- 
continually in ' danger , of. cabs', coaches, drays, rftnd other 
veluclesv rolling upon us ; and were it not that the air, by it* 
undulations, gives us timely notice of their approach, the^ac^ 
cidents from this cause which occasionally occur, would-be 
much more numerous than they now are. To this property 
of the air, we owe all tt*e advantages we derive from Rearing 
sermons and lectures, and all ihe pleasures we enjoy from 
friendly- and instructive conversation. By me&ns of the 
tbn§ ue and the lips we form articukte^sounds, which, by the 
previous consent of mankind, become the signs . of certain 
ideas ; these sounds are conveyed to the ears of our friends, 
and inform them' of 1 the. thou^ls and ideas that were previ- 
ously passing through our minds,, and their understandings 
and hearts become impressed with the same sentiments. 
Without the ministration- of the atmosphere in such cases, all 
would bes sullen and unmeaning iistlessness and silence, as in 
the intercourse of the deaf and dumb. So that the air may 
be considered as the cemeftf of society— the medium of com- 
munication between one mind and another, and the interpreter 
of the thoughts and^ purposes of mankind . 

To the_ same cause, we are indebted for aH the pleasures 
and harmonies of music. Musk is one of tfae-purest and most 
refined of our sensitive pleasures. It possesses the power of 
charming our ears, soothing our passions, and ^ffectrng-oor 
hearts ; it dissipates the gloom of melancholy, animates the 
vital spirits, and gives sublimity to our thoughts and senti- 
ments. When a lady tunes her melodious voice, or touches 
with her fingers the. keys of the. piano-forte, or the strings -of 
the lyre, the air distributes every.musical variation and every 
note, with the utmost precision. It conveys its message with 
the greatest impartiality to the ear of every listener. Though 
many instruments'may be employed, an4 a thousand persons 
be presented placed in' every direction it distributes the has* 
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iftouy alike to every ear. It keeps the most exact time— it 
conveys the slightest inflections of the .voice, and the smallest 
variation of a tone. , It runs through the whole compass of 
music, swells, the sounds, and makes them even thunder in 
our ears. The next moment, it makes them flutter and melt 
into dying strains. After this, it swells "the notes, again, and. 
sinks them in their turns. \ Thus it expresses, in the most 
lovely manner, every passion and emotion. of the soul, and: 
charms every heart with its persuasive sounds; 

That all the effects now stated are bwing to the ministra- 
tion of the atmosphere, is proved by one decisive .experiment 
Place a small bell under the- receiver of an air-pump \ let it 
be rung, and the sound will be heard at a .considerable dis- 
tance. Exhaust the ah from Ibe receiver, and tie* sound 
can scarcely, be heard by the nicest ear. Even m places 
where the air is not excluded, but only -highly rarehrd, as 
in the higher regions of the atmosphere, sounds- are scxrcely 
- heard, Fredlichius, a gentleman of, Hungary, mforrns us* 
thai when he .was on A one of the loftiest tops of the Carpa- 
thian mountains; he fired a pistol, which at fipst n»ade, no 
greater noise than if he had .only broken a stick 01 a- staff; . 
but alter a tittle time there was *a murmuring for a while 
which filled the valleys and woods below. Desceudrng to 
the lower' valleys and the rugged rocks, he fired again, which 
made a dreadful sound, as if great guns had been discharged, 
and as if the whole mountain had begun to tumble about his 
ears. The sound lasted for half a quarter of an hour, till it had 
reached- the most secret caverns, where' the sound was en- 
larged and reflected back in every direction. These facts 
show that the elasticity of the air* which is always greatest 
where the, air is densest, is essential to the propagation of 
sound. > _. 

10. The atmosphere is the cause of that .splendour, and 
universal light around Us, which lays open to our view the 
landscape 1 of the world. Were this atmosphere destroyed, 
we might see the sun without enjoying the light and bril- 
liancy of day.' That luminary would, indeed, strike our 
eyes with a. vivid brightness when we turned reund to be- 
hold his flaming orb ; but it would appear only as a blazing 
fire during night in a spacious plain, where aU is gloonv and 
darkness around. It would suddenly burst on our view in 
the eastern horizon, in the morning, and: would,not change 
its aspect in the least, duringjts course through* the heavens, 
till it suddenly ^disappeared in the westerns sky* The ob- 
jects immediately around Us- would be partially visible ; but 
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♦he* my*, of the sun wh-fcb fell oh distent objects would be. for 
fever lost in the expose of the heavens ; and when we turned 
our back to' the sun, 'nothing would present itself,- but an abyss* 
of darkness, and the whole * horizon- involved in a dismal 
gloom. ^The. number of objects, in the heavens would; in- 
deed, be augmented, for the' stars would shine through a 
canopy/tfs black as ebony, even when the sun was above the 
horizon; bujt all the gay^olouring^of the terrestrial landscape, 
which now delights the eye and the imagination, would be 
for ever veiled from the inhabitants- of the world. .In such 
a state of things, it would be always night; and the differ- 
ence between such a night and that which we now enjoy, 
would be, .that the celestial, orbs, instead of being grounded 
on a beautiful. a2ure'sky, would appear on a black canopy, 
like so many white points on a dismal mourning carpet. 
r But the Almighty, whose arrangements have aH a respect 
to the happiness of his ^creatures, has enveloped out globe 
with an atmosphere, and has endowed it with a capacity of 
reflecting, anxf refracting the rays of light in all directions. 
iPhis atmosphere, too, is charged with innumerable myriads 
of watery particles, exhaled by evaporation from every region 
of the sea and land. In the serenest days of summer, when 
k ho clouds nor vapours are to be t seen, these rarefied- particles 
•of water, which, are imperceptible to the keenest eye, fill the 
whole sphere of the" atmosphere around us^ both above and 
below the region of the clouds. It is among these rarefied 
waters m the higher regions of the air that the rays of light 
reflected 1 from the* surface of the land meet, and are again re- 
flected "m every direction to the earth; arid hence is pro- 
duced that beautiful, azure colour which distinguishes the 
aspect of the heavens. ' This azure is sometimes^ lighter, ac- 
cording x to ^ he' quantity of the rays which enter the atmo- 
sphere, and sometimes darker, when the absence qf the .twi- 
light heightens the blue of the celestial concave *_by means 
of that wack and void space which lies beyond the limits 
of the atmosphere. In corroboration of these remarks, it may 
be noticed, that ^he higher "we ascend above the surface of 
the earth, the darker does the sky appears And hence all 
travellers affirm, that," on the tops of lofty mountains, it some- 
times appears' as black as ebony, which causes the milky 
way to appear like a pure flame shot across the heavens, aha 
the stark to shine with a greater brightness,' and to appear far 
more numerous thaiPin the plains below. '! 

Ik The atmosphere is the cause of the morning and even- 
ling twilight. . We ail know that the day is gradually ushered 
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hi after the-darkness of the night. More than air hour befote 
the rising of the sun, in this part of the world,' a streak of 

* light appears in the eastern horizon. This light increases 
in brilliancy every moment— -the landscape- of the earth, 
which had been, previously covered with a mantle of black- 
ness, appears gradually to emerge from an abyss of darkness, 
like the light at the first creation— the circle of the horizon 
becomes inflamed with a bright vermilion*— the, mountain tops 
are tinged with purple ; and at length appears the most beau- 
tiful and sublime object in nature, the sun rising in his might 
and glory. And, when this luminary has described the cir- 
cuit of the heavens, and passed the -verge of the western 
horizon, darkness does not come on instantaneously, )mV.by 
slow and imperceptible degrees, so as to want us to prepare 
for its approach. The season of twiKght,, particularly that 
of a summer evening, is perhaps one of the most agreeable 
and interesting periods of the -day. How Inany delightful 
walks and excursions— how many cheerful and solemn mu- 
sings—how many endearing intercourses of lover and friend- 
ship does it recall to.eur recollection, when we strolled along 
the solitary walks, or reclined in the bower of friendship, tifl 
the rising moon and the twinkling, stars called us to our 
nightly repose ! 

- Now, all such pleasures and advantages, derived fir ora the 
twilight, are owing to the agency of the atmosphere*- When 
'the sun approaches in the morning within eighteen degrees 
bf the horizon/ hie rays strike obliquely on the higher parte of 
the atmosphere-, and^instead rf passing directly forward,4hey 
are refracted, or bent a litt{e downwards, and thus descend 
by inflection to the earth. In this way we reap the benefit 
of those rays which would otherwise have been totally lost, 
and enjoy the light of ^lay for a considerable time before thesun 

• reaches the horizon, . It Js owing- to the same cause that the 
sun is visible , several minutes before he is actually above the 
horizon in- the morning, and after his setting in the evening. 
This increases the length of every day, about 6* minutes at 
an average, which amounts to 3£ equinoctial days in a yew, 
and- nearly a whole year's sunshine in the course of a cen- , 

- tury. And, if we reckon an hour and a half of twilight in the 
morning and as much in the evening, at an average, through 
the different .seasons, we have more than, ninety equinoctial 
•days of twilight throughout the year, This is a circumstance 
of the utmost importance -to those whr> inhabit therpolar re- 
gion^; in consequence of which, the inhabitants of ,Nova 
Zembk and of Greenland enjoy the direct Jight of the sun for 
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thirty*two- days while he is under the horizon, heeides the 
long twilight which precedes his rising, and continues after 
his descent below the ^oricfon. But what would he the con- 
sequences' if Wchad no fwilighi ? 'Jfot only shbuld, we he 
deprived of the advantages now stated, hut subjected to many 
inconveniences and 'dangers. Should the day break in upon 
-OS aljiat oUcein meridian brightness, immediately after the 
dark shades of night, our eyes- would be dazzled, and in dan* 
ger of being blinded by its excessive- splendour. Should the 
night rush on in the same precipitate manner, arid - hurry u& 
in a moment 1 from the splendours of day to the horrors of mid- 
night, it would strike the living world with amazement. The 
traveller would, be arrested in the midst of his journey, and 
bewildered with terrors and. if the sky were then covered 
with clouds, the darkness would he so thick and hkck, that 
not the ieast^Hmmerin^ ray would strike across the universal 
gloom, nor a single object be perceived, even within the dis- 
tance of a foot. Man would then appear ai if he were placed 
•without an object near Aim in the midst of iofioite space— 

1 ■ *" Dark as was chaos, ere the infant snn- • - 
) Was rotted together, or had tried his beams 

Athwart the .gloom profound.' r ^ 

Thesfe arrangements,' then, by which light-is reflected over 
the face of nature, mid twilight is produced, evidently show 
the wisdom and intelligence of the Almighty Creator* and bis 
benevolent regards to his sensitive and intelligent ofispring. 
A few small bubbles of air 4tnd water appear very insignia* 
cant to the eye of man. But in the hand of the Almightv 
they work wonders of love end beneficence. He has distri- 
buted them over our .heads in every direction with so much 
xsutian and skill, in order >that the light of his sun and njs 
stars might nof be rendered useless to thte world. With these 
invisible particles of -water and air, he enriches and. em- 
heHishes whatever he "pleases ; -and in his hands they become 
an inexhaustible source of giqfy and happiness. From these 
insignificant atoms, he fetches the brightness of the aurora, 
and draws forth those twilights which lengthen our days, and 
prepare our eyes for receiving the ^brightness of the meridian 
aun. From these he produces the splendour of day, which 
the sun itself could never procure us. -He makes them con- 
tribute to the preservation of that heat which nourishes the 
vegetable kingdom, and -winch is essential to the comfort of 
•* everything that lives.** Of thenl he has formed that mag* 
nificept arcn which surrounds us on atf sides, which enchants 
the eye of svery beholder, and forme the canopy of ouir teries- 
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trial habitation ; for h is-the light reflected from the air, and the 
innumerable particles of vapour.it contains* .winch produces 
that beautiful azure which adorns the vault of heaven. This 
azure canopy the Creator might have painted with a darker 
hue, or even made it entirely black.. Bin black' is a sad ami 
dismal colour, which would have thrown a melancholy doom 
over the face of nature. A deep red would have been almost 
as disagreeable Hod hurtful to the sights a white colour, by 
its excessive glare, would have been oppressive) to every 
eye, and would have prevented -the light 'of the planets 
-and stars from being distinguished. A yelldw would not 
have been quite so unsuitable ; btft this colour was reserved 
for ■ the aurora which adorns the sky before' the rising 
of the sun. Besides, a whole arch of a yellow colour would 
not have presented a sufficient contrast to the light of the ce- 
lestial luminaries* The green, which is a- pleasing colour Ho 
the eye, would have formed a better ground for the light of 
the stars 4 but it is with this lovely colour that the AJmighty 
ha« adorned the surface of our earthly abode, and has spread 
it as a carpet under our feet ; and it wa* necessary that there 
should be a contrast between the colour of the earth &nd of 
the sky,- in order to complete the beauty- and the magnifi- 
cence of the scene of nature. The blue is, en the, whole, a 
mild and pleasant colour, without gloom or sadness in it ; and 
while it forms-a contrast to the verdure of the fields, jL has the 
additional merit of forming a proper. ground on which lumi- 
nous bodies may be seen, arid thus heightens the lustre and 
beauty of the stars.- - • •' " 

In such admirable arrangements we cannot fail to perceive 
the marks of intelligence and skill, in causing the, Assemblage 
of invisible atoms to. produce so many sublime.and- beneficent 
effects ; and we must be void of gratitude, tf we do not recog- 
nise the hand £f Divine goodness: in adorning our habitation 
with so many beautiful contrasts, and rendering every scene 
of nature>subservient to our convenience and delight 

12. The transparency of the atmosphere is not the least of 
its advantages. It is not, indeed, perfectly transparent, other- 
wise it wbuld not reflect the blue colour of the sky, nor would 
the distant mountains appear bedimmed and tinged with pur- 
ple. But it has such a degree of transparency, that every object 
on the terrestrial Jandscape, within a reasonable distance, can be 
iistinctly perceived. Eren objects at the distance of a hun- 
dred and fifty .miles* are visible through the air ; "and the tele 
scope, though -it magnifies the aerial particles,, can make ob- 
jects, at the distance of twenty miles, appear as if they were 
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placed at the distance of -three handled yards* Were the air 
tinged wkh the kfest degree of yellow, red, or green, it would 
give the' same colour to every other object, just as a stained, 
glass makes every object seen, through it appear of the same, 
colour as itself. Were its particles much larger, And more 
opaque than, they now die*; so as to become perceptible to the 
eyey we .should never ofetahl el distinct view of any other object. 
We should then see the air and the exhalation* rising from 
the-eujface« s of the -earth continually before us> like the par- 
ticles of dust in a darkened chamber,' when the rays^of the 
shin are admitted through a small- hole*. ■ 

But the Almighty, by rendering the air invisible, has en- 
abled us, in- the first place, to take an extensive and delight 
ful view of his wonderful operations in heaven and egrth, and 
of aM the objects which immediately surround us— -and, in>he 
next place, has concealed from our- eyes those objects "which 
would have excited disagreeable, sensations, and even disgust* 
If the air, like all ether bodies, were an object of sight, the exha- 
lations -from the earth and waiters would be much more easily 
discovered The smokeof our chimneys, still j&m$tn\Tfgyisi* 
ble as it ;aseended,^wottld disfigote-the jwch landscape of the 
world, and obscure the^cano^y of heaven.. We should per? 
ceive alt those -gross humours which an incessant perspira^on> 
drives out of the bodies of aH animals, and v a 11 the £Hhyv exha- 
lations that rise from kitchens, dunghills, stagnant oriarshes, 
streets, and common -sewers. We should be apt to imagine 
our situation both -unsafe and contagious, unless we fled info 
deserts and mountains, -to av ( oii those incessant annoyances 
which Would J6e the unavoidable result of such a. visibility of, 
the air and He exhalations. At the same time, lest these va- 
pours should prove injurious to us through their invipibikty* 
the good proyidenee*-of .God has forewarned' us of such dan* 
ger, by imparting tp us the sense of srtell, and has also ap 
pointed the winds to disperse such nuisances, to carry them 
aloft, -and to serve as the ventilator of the atmosphere; for, by. 
the sense of .smell v we are enabled to perceive when we are 
within the range of pestilential effluvia ; and the winds seldom 
permit the ajr to remain in a stagnant state, provided our habita- 
tions are so arranged: as to be within the sphere of their influ- 
enee. * ' . 

If we wish to feel grateful to the Supreme' Disposer of the 
universe for the blessings of that world in which he has 
placed us, it is requisite that* we should frequently fix :nr. at- 
tention on such circumstances as those now stated. We pass 
from one day to another, and/ frequently from one period of 
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hnrnatf life to another, wither reletting o» those admirable 
contrivances which appear in every surrounding object, by 
Which our comforts are secured, and the trai verse rendered a 
spectacle of beauty and grandeur. Because we have never yet 
contemplated a world m contusion .and rains, we are apt to 
imagine that the arrangements around, us could not be other- 
wise than they presently are. But, were that Being who 
created the atmosphere to make only a very shght alteration 
in its constitution— were he just to alter two apparently in- 
significant circumstances^-were he to deprive it of its refrac- 
tive and reflective powers— and were ie.te render it visible 
by tinging it with any colour, all other things remaining as 
they now Ve— immediately the scene of natare would be di- 
vested of all its beauty and magnificenc e ■■ an d this earth, 
which now cheers so many millions of animated beings with 
its comforts and embelbshments, would be tra n s form ed into a 
scene of -misery, an abode of darkness and desolation* r . „ 

13. Were the atmosphere capable of being frozen, or eon* 
gealed into a solid body, the most disastrous consequences 
would immediately ensue. All other fluids with, which we 
are acquainted are subject to congelation. Even spirits of 
wine, which lon£ resist the influence of the eotd, and are* 
therefore, used m our thermometers, have been converted 
into a solid mass, by the cold of northern -regions ; and quick 
silver, which is naturally *n- fluid substance, has been" convert* 
ed by cold into a compact -body, capable of being hammered 
h'ke a piece* of lead. Nay, even some of the gases* or aerial 
fluids, show a disposition to congeal 'by a reduction of tempe- 
rature. The oxygenized muriati«>aeid gas becomes concrete* 
and forms into crystals, at a temperature of near to that at 
which water freezes. . -All the gaseous substances, when 
they have lost their elasticity,, by forming certain combine* 
tions, are disposed to assume the solid stale, if the temperature 
allow it. Ammdniacal gas, and carbonic-acid gas become so* 
fid, as soon as they enter into combination; and hydrogen 
gas, the most subtle of the ponderable elastic fluids, forms, 
along with oxygen, that very water which is afterwards con- 
gealed into ice. What is the reason, then, that the atmo- 
spheric air which We every moment breathe, is not subject fa 
congelation ? We know no other reason than the will of the 
Creator* Were we thoroughly acquainted with every parti- 
cular respecting the nature of the gases of which it is com- 
posed, and the mode of their combination, we might, perhaps, 
discover the' physical cause of this singular -property ; but 
still, we' should ultimately Jutve to refer it to the Divine pur* 
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pose and wf!l that sueh' a .cause existed. We know that the^va- 
pours which are suspended m the higher regions of the atmo- 
sphere, are frequently congealed into hailstones taf considera- 
ble size, and were any large portions of the air around us to 
be congealed in a similar manner, it is easy to foresee what 
disastrous enects would quickly be produced ; and were the 
whole atmosphere to be- frozen into a solid body, destruction 
would inevitably seize upon all the tribes of the hvmg worlds 
and the beautiful face of nature we now behold, would be 
transformed into a chaos. : " '; >' 

Suoh is the intimate connection that subsists between every 
part Of the system of. nature, and such is the exquisite me- 
chanism with which fell its parts are constructed and arranged, 
that if^a single wheel or pinion of this vast machine Were erth'er 
waiting or deranged, the whole system would soon be dis- 
solved, and fall into ruins* But that Almighty Being who 
sits on the throne of the universe, presides -over all its subor- 
dinate movement, preserves eve'ry element in it* respective 
statfon, and directs the apparently jarring principles of nature 
to accomplish his- wise and benevolent design's. 

In (roe, we may just further remark, that man has acquired 
a certain^ degree^ of sovereignty over the atmosphere, by 
which he renders It subservient to his comforts, and to the 
execution of his designs. He causes it to sigh in the pipe, 
to complain in the flute,'to thunder in the trumpet and the 
gong, and to utter a thousand melodious strains in the piano- 
forte and the organ. He causes it to announce tidings of joy 
or-sorrow. * He forces itto-giind his corn* to'biow his furnace; 
t£ winnow his grain, ttf raise wa;ter~from the deepest pits* and 
to extinguish the nWes wheri his buildings are on Jfire. He 
compels it td act as.a prime mover in an endless variety x>£ 
machinery, and, by its Agency, in' combinaftpn .whh^xrther 
powers, ten thousands of wheels and pinions are daily set in* 
motion — power-looms are weaving fabrics of various descrip- 
t ions— spinning-jennies are set in action, steam- vessels im- 
pelled along rivers, ^and across t>eeans— and railway trains 
carried forwar4 hi every direction with the most rapid mo- 
tions. He. yokes it to his ships, and compels it to expand the 
sails, : anrf to waft him across the billows of the Ocean to the 
remotest shores. And, in short, h> is en- the wings of the at- 
mosphere that he raises himself, with his batiaons, above-the 
mountain-tops, looks down from on high on the dusky 
earth ,'^and ranges at large through the region of the clouds. 

Thus, a few of the beneacial. effects produced by the atmo*. 
sphere, in the system- of nature, have been brwnV stated, fit 
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influence unessential to the gemination and growth -of plants, 
to the preservation of water in a state of fluidity, to the exist? 
enceof fire and flame, to the respiration of -all kinds of animals, 
to the process of evaporation, and the production ofrainanddewj 
to support the clouds, and to give buoyancy to* the feathered, 
tribes.' It is the region of winds— the vehicle of smells— -the 
medium of 'sounds, and the source of aU the pleasures we de- 
rive from the harmonies of music ; it is the. cause of that uni- 
versal light and splendour which are diflused around us, and 
of the advantages we derive from the morning and evening 
twilight ; and aU these advantages are more fully secured :t>y 
the transparency of its particles, and by its being rendered in- 
capable of being congealed into, a solid body. < 

What, then, would be the consequences were the earth to 
be divested of its atmosphere 1- Were ^he hand of Omnipo- 
tence to detach this body of air from our globe, and epuM we 
suppose living beings at the same time to exist, the landscape 
of the earth would-be disrobed of all jts vegetable beauties* 
and not a plant nor flower would be seen over the whole face 
of nature ; the springs and rivers would eeaee to flow, even 
the waters' of the mighty deep would be dried up, and its low- 
est caverns be exposed to view, likeirightful and hideous de- 
serts. NcT fire nor heat would cheer the abodes of man*, 
either bv day or by night, no rams no* dews would refresh 
the fields, no gentle zephyrs would blow, nor aromatic per- 
fumes be wafted from blooming flowers. The /birds would nd 
longer wing their flight on high> nor would their warblmgs he 
heard among the. groves. No sound whatever would W 
heard throughout the whole expanse -of nature, universal 
silence would reign un4iaturbed over the world, and the de- 
lights of music be for ever unknown. The monung .would 
no longer, be ushered in* by the dawn, nor the day protracted, 
by the evening twilight All would be gloom a^d obscurity by 
day, except in that quarter of the heavens where the sun ap- 
peared, and no artificial- light nor flame cbuld be procured to- 
cheer the darkness of the night. The wnole surface of -the 
globe would present one wide prospect of barrenness and de- 
solation, without a single object of beauty to relieve the hor- 
rors of the scene ; and this earth, which now presents to the 
beholder so many objects of rabfcmky and beauty, would ap- 
pear as if ft had sunk into the primitive chaos whence it 
arose. But, as we are certain that, according te the present 
economy of the animal system* noimng creatures could exist 
m such a state of things, it would be an inevitable conse 
ouence of the-anmmlatiouof the atmosphere, that all the my* 
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rack of living being* which nttw people the waters and: the 
earth, would sink into remediless destruction, and the great 
globe we inhabit be transformed into one immense sepulchre, 
without enjoy merit, motion, or life/ 

Jf, therefore, the Creator had not a regard to the happiness 
of his sensitive and intelligent pflspring^-of, if he wished to 
transform this, globe into an abode of darkness and a scene 
of misery, be has only to support the functions of animal life 
on a new principle, end then tor sweep "from the earth the atmo- 
sphere with which it is -now environed, and the dismal catas- 
trophe is at once accomplished. Such a consideration shows us 
the propriety and the emphasis of the language of Inspiration, 
" In ftim we live, and move, and have our being"— -**In his 
hand is the soul of every hving thing, and the breath of all man- 
kind." But since we are assured that " the Lord is good to 
ail : and his tender mercies are over all his works," and as 
we find no arrangement in the system of the universe whose 
ultimate 'object is to produce pain or misery to any sensitive 
being, we have, no fear that such. a catastrophe wHi ever be 
permitted to take place. At the same time, we know not 
what the great ends ef his moral government may incline, the 
Deity to perform, v We know that, at one period, the system 
of nature connected with this glebe' was disarranged on ac- 
count of the wickedness of its inhabitants, and a jlelnge of 
waters overwhelmed all the abodes of men. This catastrophe 
changed the aspect of the earth and atmosphere, and pro* 
duced convulsions which shook the foundations of the earth, 
and disrupted its solid strata ; the vestiges of which are still 
visible in every land, and' form some of the subjects of scien- 
tific investigation. And, therefore, were the inhabitants of the 
world ever again to rise to the same pitch of wickedness as 
Upey did bfefore the flood, we know not but the Almighty, in- 
stead of covering' the earth with an abyss of water,, might de- 
tach -from it the surrounding atmosphere, and leave its inha- 
bitants to the effect of such on awful catastrophe. " 

We learn from Revelation/ that a period is approaching, 
"when the elements shall rfieh with fervent heat, the earth 
also, and the works that are therein shall be bumed up." In 
the hand of Hint who. sits en the throne of. the universe, the 
aUftosphere is fitted to become the means of producing this 
t r eme n d ous -event « The atmosphere, as formerly stated; con- 
sists ehk&y of two fluids* or gases, of very opposite qualities ; 
one of these, namely oxygen gas, is the principle of combus- 
tion, and forms about one*fifth part of atmospheric air ? the 
c*her; namely nitrogen, instantly extinguishes every species 
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of fire pr flame. Were the nitrogen, then, which forma four- 
fifths of the atmosphere, to be swept away , and the oxygen, 
left to exert its native energies, all the combustiWe^ibetancea 
on the face of the earth would instantly take fire, nay, the 
hardest stones, the most solid rocks, and even water itself, 
Would blaze under its force wrtksuch energy as to. carry de- 
struction throughout the expanse of nature* Such are the 
elementary principles in the hand and under t$e superin- 
tendenoe of the Almighty, which are ready at his command 
to bring into effect all the events, changes, and revolutions, 
in relation to our world, which &* predicted, in the word- of 
Divine Revelation. - ' 7 



CHAPTER Vm. -* * 

THE WISDOM AND BENEVOLENCE OF THE CREATOR, AS DIS- 
PLAYED IN THE CONSTITUTION OF THE ATMOSPHERE. ^ - 

As this topic has been partially alluded to in the, preced? 
ing chapter* only twa or three additional illustrations may now 
be given. - -, , . 

1. .The wisdom and goodness of God are-manifest, in the 
proportion which subsists between the different gaser of which 
the atmosphere is composed. Were the oxygen less in quan- 
tity than it now is— were it, for example, in the proportion 
of fifteen to eighty-five, in a hundred parts of nitrogen? instead 
of twenty-one to seyenty^ime, 1 fire would lose its strength, 
candles would not diffuse a sufficient light, plants Would 
wither, and animals could not breathe without the utmost 
difficulty ana 1 pain. On the other hand, were the nitrogen, 
diminished* and the oxygen greatly increased, the least spark 
would set . combustible bodies in a<fiame; andnn a few mo- 
ments, they would be entirely ^consumed. "Candles' would 
be wasted in. a few minutes after, they were lighted, and 
would serve no other purpose than to daaaie our eyes with:* 
transient blase. Weye a few houses in a larg£ city set on - 
fir* such would be > the -rapidity with which the flames WouM 
spread on every side,, that Jn a few hoars, or ewn minutes, 
the whole city would be wrapped in one wide and unquench- 
able blaze, and no human art could arrest the progress of the 
destructive conflagration. In such atmospheric a)r< iron 
would be calcined, instead jof, acquiring from the. fire that soft* 
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'necessary, to forming it into vsriotfs instruments ; k 
would accelerate toe, dangerous degree the circulation of the 
fluids in anhnal-bedies, and produce a degree tif heat through 
&e influence- of \vhieh they- would rapidly-waste and decay* 
We .know by experience that nitric oxyde, which consist* 
of forty-four partar of nitrogen and fifty-six of oxygen, produces 
instant suffocation in ah 1 animals that attempt to breathe its 
We also know that the nitric acid, one of the most corrosive 
substances, is composed of^seventy-five parts oxygen and 
twenty-fire parts nitrogen, which are only- different propor- 
tions of the substances in atmospheric air ; so that were the 
atmosphere composed of the same propdrtkm of ingredients* 
ouf breathing it might produce ihe same eflecVasif we were* 
to 8 wallow a pmt of aquafortis, or nitrous acid, which we aft 
know would produce ew immediate destruction. Can we, 
then, be at a. loss to perceive, in the adjustment of the gases 
which compose our atmosphere, the wisdom ami benevolence 
of the Deity ; and, at the same time, the infinite comprehen- 
sion of the Divine Mind, in foreseeing alt the effects that 
would be produced by the different combinations of these 
gases, and in selecting that particular combination for the at- 
mosphere which is precisely adapted: to the existence and 
the*«omfort of hiring beings ? v 

% The Divine wisdom and goodness are no less conspieu* 
m» in determining the relative specific gravity o[ these gases. 
v The oxygen gas 13 found to be a little, heavier than common 
air, and the nitrogen a little hghter, which enables it to rise 
to ihe higher regions of thfc atmosphere. In respiration (or 
breathing) there an£ four stages or periods:— A. insmlation* 
or drawing in the air* — %. A panse when- the lungs am 
filled.— 3. Expiration, or breathing, out the sir from the 
lungs;— end 4. A pause when the lungs* are emptied. In 
breathing, the air which is evolved from theiungs at every 
expiration, consists chiefly of nitrogen, (and a small portion 
c£ carbonic-acid gas,) which is^ entirely unfit to be breathed 
again, and therefore;- by ks levity, rises above our heads 
before the- next inspiration. The pause which takes place 
between^ every inspiration fe evidently intended to aUow time 
for the nitrogen gas which is thrown out of the lungs to rise 
in the *h?, in order that a fresh portion of the atmosphere 
may be taken in, and that the same air may not be breathed 
again. Ekiring that remarkable interval* there is time left 
for the- noxious fluids to separate, the nitrogen to -ascend 
while the carbonic-acid gas preponderates, leaving a^space 
.between foe afresh curteotof pule aonospheric-air to rusli 
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into, the lung*. But what would be the consequence-if ni- 
trogen gas, instead of being a little lighter, had Jtaen a slight 
degree heavier than common air, or of the same specific 
gravity T Then we should not only have been obliged to' 
breathe a portion of it again at every inspiration, but the .vast 
quantity of it thrown off by the respiration of men and other 
animals would have perpetually occupied the lower regions 
of the atmosphere; and especially in oar chambers it would 
have accumulated' to such a degree as to have produced dis- 
eases, pestilence and death, in rapid succession* . But,' being 
a little lighter than the surroondrng atmosphere, it flies up- 
wards, and we never breathe it again till U ha* entered into 
new and salutary combinations. Such is the benevolent 
skill which the great Author of nature has displayed for the 
preservation and comfort of the human fttmily and of every 
species of animated existence. 

3. The wisdom of the Creator is displayed in 4he procesa 
for supplying the waste of oxygen, ano^ promoting the reno- 
vation dfthe atmosphere. The quantity of carbonic acid 
which is daily formed, by combustion and the respiration of 
animals, is so great, that it must have rapidly increased to 
a most dangerous extent, had not the Almighty provided 
means for its being as rapidly decomposed.- It it- well known 
that whenever atmospheric air becomes charged with one- 
tenth of this gas, it is unfit for promoting combustion, and i* 
fatal to most animals that breathe it. Hydrogen too, and 
carburetted hydrogen gas, are perpetually evolved at the 
surface of the earth from varioua, sources, particularly from 
marshes, dunghills, and stagnant pools ? and these are like- 
wise prejudicial, and even destructive, to the animal crea- 
tion. On the other hand, oxygen gas, whkh is the support 
of fire and 'animal life, is Continually wasted by the various 
processes of combustion, as in the case of furnaces, burning 
candies, and domestic fires, and by the breathing of ^all ani- . 
mals. How, then, has the all-wise Creator contrived to 
supply this waste, and to protect the inhabitants of the world 
from, the baneful effects, of the other gases with which the 
atmosphere is contaminated! The process, appears to be 
this : — Vegetables are so t constituted that carbonand hydrogen 
are the necessary food of. plants, and are conducive* to the 
support of vegetable life. Their vegetating organs seize the 
carbonic-acid gas that comes within their reagh, and while 
they appropriate the, carbon, to themselves, the oxygen is 
thrown off to renovate the atmosphere, by its'union with the 
•atrogenejeeted by animal respiration. The leaves of trees* 
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shrubs, and other vegetables* give oat, daring the 4ay, « 
large portion of oxygen gas, which unites with the surround- 
ing air, keeps u{T the equilibrium of the gases, and preserves 
the salubrity of th& atmosphere ; -for it is found by ^experi- 
ence that the air in every region, in the most crowded cities, 
as well as in the opetffiekts,. Contains the same quantity of oxy- 
geri gas. Thus it appears; that what is noxious to man is 
rendered beneficial to the vegetable tribes, and the oxygen 
of which they do not stand ur need, is separated by them, in 
its utmost purity, for the use 6£man. The wisdom, the sim- 
plicity, and the beneficence of &is arrangement, camaot fail 
to produce conviction in every reflecting mind, that the laws 
of nature are not to he* referred to blind chance, but to un- 
erring inteiligence combined with boundless beneficence* In 
every breath we draw, we may perceive, if we reflect on the 
above stated arrangements, that we are every moment in- 
debted to an all-wise and almighty Being, in whom we live 
and move, for the continuance of our existence and for every 
comfort we possess, and therefore praise, adoration; and thanks- 
givings, are due to him frohr all the ranks of his intelligent off- 
springs - . . 



The departrneig of the subject already treated, may flow 
be concluded with a reflection or two, founded on the state* 
ments previously made •*'',**' 

1. From the invisibility of the atmosphere, and its' numer- 
ous and important effects in the. system of nature, we may 
learn the folly of 'denying the reality of a Future and invisi- 
ble state of existence* because the objects connected wi^h that 
state are riot perceptible by our corporeal senses. Who could 
have'imagiried, previously to modern discoveries, that all the 
functions* of the vegetable kingdoni, and all the comforts en- 
joyed by- anirpated' beings, are dependent upon the^ operation 
of a few invisible fluids, and that all the beauties of thisJower 
creation are owing to the composition and decompositk>n,'1n 
a thousand different ways, of those gaseous substances whose 
operatipps are imperceptible to the keenest eye ? And yet, 
the researches- of tnodern chemistry have proved- this feet to 
a demonstration, and shown us that every breath -we draw % 
every pleasing Sensation 'we feel, every portion of food we 
eat, every particle 1 of heat that \yarms our apartments, every 
ray of artificial light that illuminates out streets and habita- 
tions, and every musical sound that enchants* our ears, are 

owing to the Unremitting motion and energy 1 of invisible sub- 
let e y ^ 



*taaees. Ami shall we> then, assert that the invisible pm 
•cipie of -mind is not in existence or in action beyond thaJuaii* 
ef this diurnal sphere*, because its operation in, that state lies 
•beyond the range of our senses ? We behold multitudes of 
rational beings daily departing from the living world; their 
organical. frames crumbling into the dust* -and the intellectual 
principle which animated them disappearing irom , mqrtal 
view. But we have no more reason. to doubt that it is. ex* 
isting and operating in another sphere, than ,we have to doubt 

. of the incessant energy of the invisible gases in giving life 
and beauty to sublunary nature. The disembodied spirits 
of men, whether existing in a pure ethereal form, or invested 
with fine material vehicles, may be employed in active ser- 
vices, and in sublime contemplations and investigations, of 
which we can at present form uo adequate conception. We 
may, on the sasse grounds* form a conception of spirits suf- 
fering pains, anxieties* sorrows, and miseries, of different 
kirids, from a retrospective view of their former "feeling?, af- 
fections, and conduct, even when .separated from* those ma* 
terial organs with which they were formerly connected. 

With regard to the great objects of religion, many of them 
lie beyond the range of our corporeal vision, as -some of the 
agents employed in certain chemical processes elude our 
senses. Faith is described to be " the confident expectation 
of things hoped, ibr f and the conviction of things which are 
not seen.'!* It substantiates and realizes those objects which 
are invisible to the eye of sense, or which lie far beyon4 its 

, present range of view. Hence we are told, thai, in the pre- 
sent world, we should u walk by feith, not by sight. 7 *' The 
objects connected with a future world arereal, although they 
are placed at such, a distance as not to be cognizable by our 
present visual organs. They are not alt merely of a spiritual 
nature, they are. also connected with material objects; but, 
between our sensitive organs and such objects,, immeasurable 
regions of space intervene. The glorified body of the Re- 
deemer of mankind is a materia]' substance and an "object pf 
sense, and it inhabits a region somewhere within, the bounds 
of the material xreaxfon, but its distance from the sphere in 
which we now reside removes it from our yicw; and we 
want that vigour and energy of our corporeal organs which 
the martyr Stephen seems tb have enjoyed, when the heavens 

„ were opened, and ** he .saw! the glory of God, and Jesus stand- 
ing on the. right hand of God.!/ ( 

-, • Dojlderidge!* translation of Heb. xL 1. x 
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In certain pools of water, animalcules are found, whose 
ftodies, when magnified a ; hundred thousand times their na- 
cural sise, are Visible only as so many moving points. A con- 
siderable portion of the watery element on our globe is filled 
with sucB invisible inhabitants, which have never been per* 
ceived by the millionth part of mankind. In thid-and similar 
instances, we have an invisible world of animated beings 
. existing around .us, but no -one calls in question -their exist- 
ence because they can only be observed by powerful micro- 
scopes, and are- hot perceptible fey the inajority of mankind . 
In short, -the Divine Being pervades every part of space with 
his essence, and is intimately present with every one of his 
creatures, yet remains for ever invisifcle to mortal eyes. But, 
on this ground, no one but an atheist ever calls m question 
his existfenee. • Inline manner, the invisibility of the objects 
connected with « future world ought to form no ground of 
doubt respecting the certainty and reality of their^exist- 
ence. \ -"*--"', ~ - 

• 2. We may learn what ought to be our great object in the 
study of the sciences, and in the investigation of the phenomena 
of nature.; l -[ 

' Some persons are disposed to consider science and natural 
history merely as genteel studies ; others apply their minds 
to such subjects with the view of bearing a part in the con- 
ferences ef men of learning. Some, again, prosecute such 
pursuits for the purpose of making collections of scarce 
and valuable curiosities, and of displaying a degree of know- 
ledge and taste superior. to those of their neighbours ;* and the 
greater part of mankind consider such .'studies as, onfy an 
amusement, or a 1 relaxation of mind from the fatigues -of 
■their daily avocations. But the study of nature and of sci- 
ence is highly dishonoured by such grovelling and contracted 
views. The prospect of the universe* was exposed to our 
vSew for more noble and exaked purposes — to make us wiser 
and better men, to expand- our yiews of the perfections of our 
Creator, and'to' inspire us with a jgratefuj sense of -all the 
blessirigs we daily receive irom his bountiful hand. 

There are t\yo great . objects which we ought always to 
ffceep in view in our investigations of the laws of nature and 
of the principles which operate in the material world. In the 
first place, /to deduce from our observation of physical facts, 
chose principles by which" the powers of man may be, extend- 
ed — the useful arts improved and carried to perfection — and 
the comforts and enjoyments of mankind promoted and in- 
creased* In the next place, and chiefly, that our conceptions 
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of the Creator's power, wisdom, benevolence, and superin- 
tending providence, may be enlarged, and that we may be 
more disposed to pay him that tribute of adoration and grati- 
tude which is due to hit name. Every -study which sets the 
/upreme Being on one side and nature on the other, is no- 
thing more than an idle amusement— it is lost labour, and pro- 
ductive of little else than ignorance and error, pride and arro- 
gance. To employ our thoughts on a thousand particulars 
in nature without directing them to the. great Creator of all 
things— to profess to admire the displays of his wisdom, onvr 
nipotence, and goodness, while, we violate. hi* laws, and per- 
sist in a course of avarice or of dissipation^-tb be conscious of 
the blessings we every moment receive, and, at the same 
time, to be utterly unmindful of the hand from whence they 
flow-— are a most glaring inconsistency, a shameful abuse of 
our understanding, and an act of the most flagrant ingratitude. 
All xmr knowledge is of no farther importance to us than as it 
has an influence on our affections ana conduct, and leads us 
to entertain impressive and reverential ideas of that almighty 
Being, " in whose hands our breath & and whose are alTour 
ways." 

Let us, then, for the air we breathe, an4 the numerous 
benefits we derive from the suirounding.atmosphere, display 
our gratitude, and consecrate all ojur powers and faculties to 
the service of Him who " made the earth by his power," and 
" hath established the world by his wisdom ; ~ who " causeth 
the vapours to ascend from, the ends of the earth;" who 
" maketh lightnings with rain, and bringeth the wind out of 
his-treasures," and whose 'l tender, mercies are over ail his 
works/' Tp Him who hath created and redeemed us, all 
our powers and energies ought to be devoted from henceforth 
and for ever, for . he is worthy to receive all praise, honour* 
and dominion from men* from angels, and from the inhabit- 
ants of all the worlds dispersed throughout the regions of the 
universe. 



d by Google' 



PART II. 

"T ATMOSPHEBIO PHENOMENA. 
. • ' >..*-. ' " - 

This is a subject which would admit of illustration suffi- 
cient to occupy, a distinct relume; but the present limits will 
admit of only a very condensed and superficial view of the 
diversified objects connected with the phenomena of the at- 
mosphere. - 

The atmospherical phenomena may be arranged under 
the following neads>— . , 

L Aqueous meteors; as evaporation, rain, snow, hail, 
clouds, etc. - 

II. Winds, sea and land breezes, monsoons ^ hurricanes, etc. 

III. Luminous and fiery meteors, as fire-bails, felling-stars, 
thunder and lightning, luminous arches, fata morgana, 
aerial spectres, etc* x 



CHAPTER I. 

*•*,>• AQUteOtTS^HKTEORS. 

1. Evaporation.— This is a process by which water and 
other substances are converted iftto elastic fluids by the in- 
fluence of heat or caloric. Vapours being lighten than air, 
are raised into the tipper regions of the atmosphere, ah d after- 
wards, bya partial condensation,- form those clouds whicb we 
we see floating around us. They ate elastic, invisible sub- 
"stances, like common air, but lighter ; being to common air, 
according to Saussure -s experiments, as ten to fourteen. If we 
expose water to heat, bubbles at first adhere to the sides of the 
vessel, which by degrees ascend to the surface and. burst. 
These bubbles rise the more rapidly in proportion to the heat. 
Water is evaporated by the neat of the sun merely, and even 
ivitkout it in the open air ; and the vapour rising into the ah? 
is condensed into clouds; An immense quantity of vapour 
is, in this way, raised -from tne different regions of the. earth. 
In order to estimate the quantity thus raised, &t. Watson, 
bishop of LandanT^made the following-experiments : — Having 
provide** a large- drinking-glas*, the area of ike moutn of 
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which was twenty square inches, he placed It with its month 
downwards on a grass-plat which was* mown close. The 
sun shone bright and hot, and there had been>no rain for up- 
wards of a month. When the glass had stood on the grass- 
plat one quarter of an hour, and had collected a quantify of con- 
densed vapour, he wiped its inside with a piece of muslin, &e 
weight of which he had previously ascertained* and, as soon as 
the glass was wiped dry, the muslin was weighed. The me- 
dium increase of weight from various experiments, between 
twelve and three o'clock, was six grains in one quarter of an . 
hour, from twenty square inches of earth. At this rate of evapo- 
ration, computing seven thousand grains troy to one pint of wa- 
ter, ami eight pints to a gallon, it may be shown that one thou- 
sand six hundred gallons of water would be raised from-oneaCre 
of grqund in twenty-four hours. It is evident that the quantity 
will be still greater when the ground has been drenched with 
rain. To prove this, the same philosopher made two other 
experiments, one of them the day after the ground had been 
wetted by a thunder-shower; and to ascertain the circumstances 
more exactly, he took the heat of the earth by a thermometer 
laid on the grass, which in the first experiment was ninety-six 
degrees, when the evaporation was at thjfe rote of 1978 gallons 
from an acre, in twelve houTS. The other experiment was 
made when there had been no rain for a week, and when the 
heat of the earth was 110 degrees ' t this experiment gave^ af- 
ter the ra^e of 2800 gallons from an acre in twelve hours ; 
the earth was hotter than the air, being exposed to the jeflec- 
tion of the sun's rays from a- brick wall. 

Hence it appears that evaporation must form a Very impor- 
tant process in the economy of nature. The following are 
some facts in relation to this process. A much greater quan- 
tity of valour rises during hot weather than during coloV as 
appears from the preceding experiments.. Even where the 
temperature is the same, it varies according to circumstances. * 
It4s least of all in calm weather, greater when a breeze blows, 
and greatest with a strong wind. In our climate, -the evapo- 
ration ig about four times as great between the vernal and au- 
tumnal equinox asr in the rest of the year.* The degree of 
cold produced4>y evaporation is much greater when the air 
is warmer than the 'evaporating surfaee r than when the latter 
is the warmer of the two. From these and other facts, it is 
plain that tracts of land which are covered with trees are 
much colder than those where there is a less^surface of Vege- 
table matter, such grounds being found to emit one-third .more 
"apour than the same space covered with water. Hence the 
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important ehange-of elanate which a country undergoes by 
being cleared and cultivated. America, is not the same coun- 
try at present* 'ekher with reepect to* temperature or salu- 
brity, as it was several centuries ago, when k was covered 
with woods. , ■ v ^ 

By this perspiration of the gk>fce>it has been -estimated 
that thirty-six inches of water per annum are raised from the 
surface of all (he seas, and .rivers, and at least thirty inches 
from all the regions of r the land. Hence it follows; that by 
this constant process of evaporation, \06fi00 cubit jaailes of 
Water are, every year, raised into the atmosphere ; the greater 
part of which, at a certain height, parts with its 1 heat,- And is 
condensed into clouds. Wera-this prodigious mass: of water 
ail to subsist In the atmosphere at once, it would increase- 
about a twelfth part,, and raise the barometer nearly three 
inches. But .this never happens; no day passing without 
rajn i» some parts a/ the earth, sp that part of the^evaporated 
water is again constantly precipitated. The clouds formed 
by evaporation are carried >by the winds over the Jand, broken, 
and precipitated by the action of mountains and trees, and 
thus rendered the moans of watering the soil; and producing 
fertility throughout every region of the globe. It Is owing 
solely to this process that our clothes, when washed and 
spread out to the open-air, are soon dried. ^v*ere there.no 
apch process as evaporation Jn the system of nature, our 
linens and other clothes, when drenched in water, might re- 
main for centuries without being drieo^— a circumstance which 
is seldom thought of by thoughtless men, but which Remands 
our thanksgiving and gratitude. Hence we are called upon 
by the sacred writers to praise " the name of the L^>rd," who 
" causeth the vapours to ascend from the ends of the earth." 
Psaim cxxxv. 5. j . , 

2. Cfotwfev-^-The aqueous vapours, condensed by cold, or 
rising in the atmosphere to a region of the air lighter than 
themselves, form strata of visible ^vapours, whiteh we call 
clouds. These masses assume a -great variety of shapes and 
configurations, Which sometimes enliven the face of the sky, 
and aj other times cause a gloom and shadow of darkness to 
overspread the landscape,. The distance of the clouds above 
the surface of the earth varies at different times, and accord- 
ing to the nature of the cloud; Thin and light clouds fre-t 
quently rise to the height of four or five miles, as they are 
sometimes seen above the tops of the highest mountains. 
Their average height may be 'reckoned about two and a half 
miles; but some* dense cbuds.frequeriClVdescfendaolow as 
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to touch.mountains, hills, steeples, a&d even high treesrpar- 
ttcularly during thunder-storms. . The size of someof these 
clouds nas been estimated to cover a space of fifteen or twenty 
square miles, and their thickness Shore a thousand' feet* 
Thei* motions are generally directed by the winds, excepting^ 
when thunder is about to happen ; in which case, they seem 
to move very slowly, and sometimes remain absolutely sta- 
tionary, which is probably owing to their being impelled by 
two opposite currents of air. 

Clouds have been arranged by modern naturalists into 
several classes, according to their different configurations, and 
the Tegions of the atmosphere where they are generally /ound, 
They nave been distinguished by Howard into seven modi- 
fications, the peculiarities of which are sqpposed to be caused 
by the agency of electricity. There are three primary mo- 
difications — the cirrus, the cumulus, and the stratus; two 
which may be considered as intermediate in their nature — the 
cirro-cumulus, and "the , cirro-stratus ; one which appears to 
be a 'compound— the curnmulo-stratus pand, lastly /;the ctim- 
mulocirro- stratus, or nimbus, -a state which immediately pie- 
cedes < the resolution of clouds into rain. " These clouds are 
generally assigned- to three atmospherical regions, the upper, 
the middle, and the lower one ; to which a fourth, the lowest, 
may be added. In the upper region, tjie aimesphere is in 
such a state that.it can receive and sustain only light and thin, 
vapours, and to this district belongs the cirrus. 

The cirrus has the least density of all the forms of cloud, 
but the greatest height and variety of shape and direction* 
It is the first indication of serene and settled weather, and 
first shows itself in a few fibres spreading through the 
atmosphere. It sometimer looks like a fine whitish thread 
pencilled on the elear blue sky. These, fibres, by degrees, 
increase in length, and new fibres attach themselves to the 
sides. The duration of the cirrus is uncertain. t in some kinds 
of weather, its figure is .so rapidly -and oon tin ually\ changed, 
that, after turning the eye from it for a few min&tes, it will 
frequently be found almost completely changed^ * In other 
cases, 'it is* sometimes visible for many hours and even days 
together, without much changing its appearance. From its 
usually curling appearance, this species of;cioud is called the 
xaare's-tail cloud. 

The cumulus is a cloud of a dense structure, formed in the 
lower region of the atmosphere, and ^moving along in the 
current of wind which is next to- the earth, fis.. first appear- 
ance is generally a small irregular spot, which increases in 
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ize, piesenres y a ffett . horizontal base, sold assumes more or 
less of a conical figure. -Such clouds are sometimes pretty 
well defined hemispherical masses ; at other times, they rise 
into mountains, ranged in one plane, their silvery summits 
presenting a beautiful 1 appearance, Before rain they increaso 
very rapidly, and descend lew in the atmosphere. Great 
masses of. them, during high winds, are seen in, the? quarter 
of the heavens towards which the wind blows, and indicate 
approaching calm and rain. 

The stratus has a mean degree of density ; it is the lowest 
of clouds, and its inferior surface frequently rests on the earth 
or on the water. The time of.its appearance is about sunset, 
and it disappears soon after sunrise. It comprehends all those 
creeping mists which, in calm evenings, ascend in spreading 
sheets, like x an inundation of 'water, from the bottom of val- 
leys. Sometimes it remains quiet, and accumulates in layers, 
till the atmosphere is capable of sustaining -its weight, when 
it assumes the position, o£ the dark nimbus, and falls, in 
a shower of rant; 

The- other species of clouds may be briefly stated, Which 
are compound modifications. The cirro-cumulus consists of 
a collection of small white clouds, of a roundish form, which 
give to the sky the appearance called dappled, and are, in 
summer, considered as a prognostic of settled weather ; or,^ at 
least, of an increase of temperature. They form a very beau- 
tiful sky, and are rhor§- frequent in summer than in winter. 
The cirroHBtratus is generally iji the form of Jong horizontal 
streaks, which are ever shifting their figure and position. It 
precedes wind and rain, the near or distant approach of 
which may sometimes be estimated from its greater or less 
abundance. It is frequently seen in the intervals of storms. 
The form and relative position, when seen in the distance,, 
frequently give the idea of shoals of .fish— It is that modifiea- 
tion which most frequently exhibits the phenomena of the so- 
lar and lunar halo. The, cumulo-stratus is a large, lofty, 
dense cloud, which may fye compared to a mushroom, with 
a very thick, short stem. It arises through the interstices of 
the superior clouds ; and the whole, seen as it passes off in the 
distant horizon, presents te> the. fancy mountains covered with 
snow intersected with dark ridges, rocks, towers, and other, 
objects. Before thunder'Stajrms, it frequently appears red- 
dish. The nimbjus is the cloud of rain. Before rain, takes 
place, the clouds are uniformly found to undergo a change, 
attended with appearanoes sufficiently remarkable to indicate 
this as a distinct modification of clouds. It consists of a hori- 
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zonjtal sheet, above which the cirrus spreads, white ^he cu- 
mulus enters it laterally, and from beneath. 

Clouds are frequently highly charged witfr electricity 
These not only produce violent storms of thunder and light 
ning, but are sometimes the cause of the destruction of life 
and the most dreadful devastations, fti'theyear 1772, a: bright 
cloud was observed, at midnight, to cover a mountain in the 
island of Java, which emitted flames of fire so kmiinotis, 
that the night became as clear, as day* It destroyed every 
thing for twenty, miles around : 'buildiffgs were demo- 
lished, plantations buried in the earth ; fifteen thousand cat- 
tle, a vast number of horses and other animals, and above 
two thousand human beings, -were destroyed by the agency of 
this tremendous cloud. On the 29th of October, 1757, m the 
island of Malta; a little after midnight, a great bkck cloud ap- 
peared, which changed its colour as it approached the -city,- 
till it became like a flame of fire, mixed with black smoke,' and 
a dreadful noise was heard on its approach. ' It tore aft Engw 
iish ship to pieces, and carried the masts, sails, and cord- 
age, to a great distance. Small boats, in its course, were 
broken to pieces* and sunk. In passing through the city, it 
laid m ruins every thing in its way ; houses were levelled with 
the ground, the roofs of churches were demolished ; not one 
steeple -was left in its passage, and the bells, together with 
^the spires, were carried to a distance/ In this awful catas- 
trophe, the number of human beings killed and wounded 
amounted to nearly two hundred. Thus "it 'appears that, 
while clouds serve occasionally as so many screens to' abate 
the heat of the sun in warm countries, and form depositories, 
of rfcins, which water and fertilize the earth,* they are atefr 
sometimes used in the" hands of the Almighty as instruments^ 
for the inflation of Ijis, judgments upon the nations ; for the 
clouds are his chariots, the thunder his voice, and he "walk- 
eth upon the wings of the wind*" 

8. Rtdn. — We have already stated that the waters of the 
earth, by evaporation^ yield $. certain quantity of moisture to 
the air, which, being condensed, assumes the &rm of clouds, 
floating at different distances afoove us in the atmosphere. 
Whatever suddenly disturbs thereat or 'density of the air, or 
the electricity of the clouds, occasions the particles of vapour* 
to rush iogether^and form, drops of water too h^avy to conti- 
nue suspended in the -atmosphere ; they fall in the shape of 
rain| and increase in size as. they faH, by combining with the 
floating vapours as they pass through them. We have but 
*n obscure conception, however, of the chemieal nature of va 
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potir, and of the chemical processes which are going on in the 
production of vapour, :and its subsequent resolution into rain. 
Dr. Thomson has this general remark on the subject, after 
quoting the opinions of Dr. Watson, Dr. Hales, and* others, 
tnat " the formation of the clouds and rain cannot be account* 
ed for by a single principle with which we are- acquainted; 
It is' neither owing *o the saturation of, the atmosphere, nor 
the diminution of heat,- nor the' mixture of airs of different 
temperatures ; for clouds are often formed without any wind 
at all, either above or -below them : and even if this mixture 
constantly took place, the precjjtf tation, instead of acounting 
for rain, would be almost imperceptible." Instead, therefore, 
of detailing conflicting opinions on this subject, we shall state 
only a few general facts in relation to rain. 
- It is worthy of our notice, that drops of rain are always 
found larger hi the lower regions of the atmosphere. In going 
down a high mountain in the time of rain, the drops gradually 
increase, till, reaching the bottom, they increase from a driz- 
zling shower to a heavy rain. To ascertain the generality of 
this fact, Dr. Heberden, hi the year 1776y made the following 
experiment. He placed a rain-gauge on the square part of 
the roof of Westminster Abbey, another; on the top of a neigh- 
bouring house, cdnsiderably lower than the first, and another 
on the ground, in an adjoining garden. The rain collected in 
each was as follows : — top of Westminster Abbey, twelve 
inches ; top of the house, eighteen inches ; and on the ground, 
twenty-two inches ; so that more raih was collected in the 
lower than in the upper rain-gauge. The proportions of rain 
vary in different months of the year. In summer, we have 
not so many rainy days as in winter; but. the showers are 
then heavier, the streams of rain closer together, and the 
quantity 'which falls is greater than during any other season. 
Dr. Dalton states that the first, six months of they ear may be 
regarded as dry, and the last six as wet months. From cer- 
tain long-continued observations, it has been inferred that, in 
spring, it rains oftener in the evening than m the morning ; 
but that towards the end of the summer,- oftener in the morn- 
ing than in the evening ; and that storms at this time are 
apt to occur a little after sunrise. In the progression of the 
seasons, rain falls at all times during the twenty -four hours, 
bat it has been ascertained that much less falls by day than 
by night.* - 

* It ia said, that^on the 39th of October, 1827, there fell, at Joyeua, ii 
t ranee, twenty-nine inches of rain in twepty-two hours^, and, in elevei 
days, thirty ieii inches; which ia double that a^Parur during the year. 
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. The anMalqudndtyof ram b greatest in tropical countrkr, 
and diminishes as we approach the jxde, owing to the greater 
evaporative qualities of the atmosphere in warm than in cold 
countries. Within the tropic,. rain is .not of the drizzling cha- 
racter of rain in the tempentezone, but generally falla-in such 
torrents as in other zones would he called waterspouts, and 
they produce greater floods in a single day thin, m Europe 
m six days. Winter is distinguished front summer chiefly 
by the quantity of rain, which, for six months, ie often con- 
stant for many4ay8 together, and lasts a certain number of 
hours per day. The rivers, m consequence, overflow, and 
in many countries produce inundations, which intercept all 
communications between neighbouring towns and villages* 
The mean quantity of rain which falls annually in England 
is thirty-two inches. In the western parts of Scotland, the 
depth is from thirty to thirty-five inches; in the eastern 
parts, from twenty-four, to twenty-eight inches. At Edin- 
burgh, it is, twenty-four inches and a half; and in London, 
twenty 4wo and .one-fifth. There is more rain in the western 
parts of Britain than in the eastern, because these parts re-> 
oeive the first clouds as they are brought from the Atlantic by 
the westerly winds. In the West Indies* one~ hundred ana 
twenty, inches fall annually ; and, in the East Indies, from, 
eighty to one hundred inches. At Bombay, eighty-two inches; 
and at Calcutta, eighty-one inches fail annually. - 

When mountain-ranges-, and other distant objects, appear 
nearer to us than uaual^-wben sounds are heard more clearly 
from a distance— when the odour of plants, is- more than 
usually powerful, rain may be soon expected. Ducks* geese, 
and other water-fowls, before the approach of raia, may be 
seen to jhrow water, with their bills, ever their heads. Cat- 
tle may likewise be seen stretching out their necks, and snuf- 
fing in the air with distended nostrils. Dogs, closely con- 
fined in a room, become drowsy and stupid before rain-; the 
same is observed in cats, though in a less degree ; horses 
neigh frequently ; cattle low ; the fallow-deer become rest- 
less ; and swallows fly in. a low course. Delicate persons 
are often" affected before rain, with, headaches, pains in old 
sores which have healed, irritability of temper, the aching of 
corns, and excessive nervousness*. •Several flowers and 
plants are prognosticatoxs of rein. When the flower of the 
chick weed closes, showery weather, or continued rain may 
be expected. The trefoil, the convolvulus, and other plants, 
contract their leases before the approach of rain. When the 
moon is of a pure silvery colour, good .weather is indicated y 

Digitized by LiOOQ IC 



JULHT. 69 

bat when it has a brownish tint, rail? may be expected. When 
stars are surrounded with coloured Judos* the approach of 
*ain is indicated. 

In the present constitution of our globe, rain— though some- 
times attended with a few inconveniences — is essential for 
promoting the enjoyments both of man and beast. It moistens 
and softens the earth, and prepares Jt for being cultivate, d, and 
lor affording nourishment to the vegetable tribes, which both. 
adorn the landscape of the world, and agord nourishment to 
the human race, and to every, species of animated existence* 
By felling on high mountains, it carries down with it many 
particles of loose earth, which serve to fertilize the surround* 
tng valleys, and purifies the .air from noxious exhalations, 
which tend, in their return to the earth, to meliorate the soil* 
It moderates the heat of the air, and forms one of the sources, 
whence fountains and rivers are supplied. „ Without the 
influence of rain, trees, shrubs, and flowers ' would soon, 
wither, sicken, and die, and every land be. then turned into a 
barren wilderness. . But when the clouds, a£ .seasonable 
periods, pour down their watery treasures, all sublunary 
nature is invigorated and refreshed, and the vegetable pro- 
ductions of the soil are made verdant and flourishing, and 
adorn the surface of the earth with their gay attire and diver- 
sity of colours. In the language of {he Psalmist, " The little 
hills rejoice on every side. The pastures are clothed with 
Hocks; the valleys alsq are covered over with corn; they 
shout for joy, they also sing." He who at first. formed the 
earth: for man, «« watereth the ridges thereof abundantly ," 
majteth it " soft with showers,'*, blesseth " the springing 
thereof," and crowneth the year with his goodness. It is 
represented by the inspired writers as the peculiar preroga- 
tive of Jehovah to send rain upon the earth : *« Are there any 
among the vanities of the Gentiles that can cause rain ? or 
can the heavens give showers ? Art not thou He, O Lord our 
God ?~fbr thou hast made all these things*" The-eflects pro* 
duced by the want of rain are emphatically described by these 
writers : *' Thy Jieaven that is over thee is as brass, and the 
earth that is under thee as iron." " The field is wasted, the 
land mourneth ; for the c6rn is wasted. . . . Be ye ashamed, 
O ye husbandmen ; howl, ye vine-dressers, for the wheat 
and for the barley ; because the harvest of the field is 
perished. The vine is dried up, .and the fig-tree languisheth ; 
the pomegranate-tree, the palm-tree^ alsoi and the apple-tree, 
©yen all the trees of the field, are withered. . . . How do the 
leasts groan 1 The herds of cattle are perplexed, because 
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they have no pasture ; yea, the flocks of shaep are made 
desolate ; ... for the rivers of waters are dried up, and the 
fire hath devoured the pastures of the wilderness/' Joel i. 
U^-12, 18, 20. 

4* Snow. — Snow consists of such vapours as are frozen 
while the particles are small, tt differs from hail and hoar- 
frost, in being crystallized, which they are hot. When a 
flake of snow is examined by a magnify ing-gkss, the. whole 
of it will appear to be composed of fine shining spicula, diverg- 
ing like rays from a centre. - As the flakes fall down through 
the atmosphere, they are coptinualhpomed by more of these 
radiated spicula, and thus increase- m bulk, like the drops of 
win or hail-stones; Many of the flakes of snow are of a 
regular figure, for the most part stars_of six points, and are 
as perfect and transparent ice as any we" see on a pond or 
river. Their forms present an almost endless Variety, are 
oftwi very regular and beautiful, and reflect, with exceeding 
splendour, the rays of the sun. When they are very large, 
they are said to indicate the approach of jthnnder. The dif- 
ferent forms which the flakes of snow exhibit, when viewed 
through microscopes, are represented in figure 6. These 

Fig.e. c ' . . - ■ 




crystals of snow are/ from one-third to one thirty-fifth of an 
inch in diameter, in their natural size. Experiments- have 
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- teen made, which prove that snow is twenty-four times 
lighter than water, and that it fills up. ten or twelve times 
more space at the tnoment of falling, than the water produced 
from it, when melted. It is worthy of remark, that previous 
to the foil of snow, and during its- continuance, the tempera- 
ture continues at about 32 degrees. The lightness of snow, 
although it is firm ice, is owing^to the excess of its surface in 
comparison to the matter contained under it. Its "whiteness 
is owing to the small particles into which it fs. divided ; for 
jce, when pounded, wHl become equally white. . 

Snow is frequently formed in the lower regions of the 
atmosphere. A very cold stream of air admitted into a room 
in which the contained air is much warmer, and loaded with 
watery particles, wilt occasion its formation. In the huts of 
those who inhabit the arctic regions, snow is. frequently formed 
in this * manner. Dr. Robertson- states that, in a crowded 
assembly-room inr St. Petersburg, a. stream of cold air was 
accidentally admitted into the room by a gentleman breaking 
a -pane of glass, on which the vapour in the air was imme- 
diately congealed, and fell in the form of snow-flakes. In 
Siberia, Wova Zembla, arid/rther northern, regions, the same 
phenomenon frequently happens. Snow occurs in all regions 
of the globe at a certain height above the level of the sea, but 
it falls more abundantly on plains. as we proceed, from the 
equator to the poles. In the arctic regions* snow fails nine 
days out of ten in the months of April, May, and June, and 
often to a depth of two or three inches^in an hour. Among 
the mountains of Germany, Italy, and Switzerland* snow is 
sometimes accumulated to such an extent as to produce the 
most terrific and destructive effects, as in the £ase of the roll- 
ing avalanche. An avalanche is a mountain-mass of ice, or 
frozen snow* which ia sometimes loosened from its base, and 
descends from the. mountains with a force so terrible, that it 
crushes the traveller beneath its power, and juries hamlets 
and villages' in a common grave. In the year 1749, the 
who& village of Rucras, in the canton of Grisons, in Switzer- 
land, Was covered, and, at the same time^removed from its 
site, by an, avalanche of this description. But this change, 
which happened in the night-time, was effected without the 
least noise ; so that the inhabitants were not aware of it ; and, 
on awakening in tl*e morning, could not imagine why day- 
light did not dawn, A hundred persons were dug out of the 
snow, sixtyof whom were still alive, the insterstlces between 
the snow containing sufficient air to support life. Nbt many 
yaars ago, an instance occurred of a family buried under one 
Vol. X ^ H 
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of these avalanches, and wbo continued in that situation for 
above a fortnight, remaining all that trans «* utter darkness 
and incrusted in a body of snow several hundred feet in thick- 
ness. A massy beam supported the roof against this enor- 
mous pressure ; and a milch ass, that happened to be thus 
incarcerated with the people, furnished sufficient nourishment 
for the support of life, till they were, at length, restored to 
the light of day. 

The great Dispenser of universal bounty has so ordered i% 9 
that snow is eminently subservient, as well- as all his othfer 
works, to hi* benevolent designs. As* the winter cold is 
much more hurtful to vegetables than to animals, the plants 
would perish, if their roots were 'not preserved by some 
covering. God has, therefore^ordajned that the rain, which 
in summer cools and re ores the plants, should, in winter, 
fall in the form of a soft wool to cover the veg*»tabJes,~and to 
guard them from the inclemency of frosts and winds; It pre- 
vents the internal heat of the earth from escaping, and forrna_ 
a safe covering to -the tender herb, till the winter cold has 
abated adder the influence of the genial spring. 

5. Hail. — Hail, which is a more compact mass * of f rosea 
water than snow, is formed by the congelation of* vapour in. 
the higher regions of the atmosphere. Jfjie drops of hail 
assume various figures, being sometimes round, at other times 
pyramidal, angular, thin, and flat, and sometimes stellated 
with six radii, like the small crystals of snow. When hail- 
stones are broken open-, or .cut across, they are sometimes 
found within to be of a spongy structure ; sometimes the 
interior presents a very beautiful radiated appearance, and 
not ufifrequentry exhibits tegular and very remarkable con- 
centric plates. They are often ef couskferaUe dimensions. 
They vary in size from that of a small seed, to that of a boy's 
marble; and, in some instances, they fcave been founds* 
large as the eggs of a goose; the small generally falling i* 
the more northerly climates, and on the #ope;of mountains* 
and the larger in France, Spain,' Italy, and othtfr countries, 
towards the' south of Europe. Hailstones have fallen m 
8cotland,' s whieh have been proved to- weigh five ojraces. Ift 
North America, rthey have sometimes been picked up weigh* 
Ing fifteen otinces ; and on October 5th, It&l, one fell at Con* 
stantinople which weighed more than a-poundl The average 
velocity with- which they fall, has been estimated a^ seventy 
feet per second, or at the rate of fifty miles an hour? and 
Consequently, their greatf momentum, arising frpnY this -ve* 
locity, frequently renders them very destructive, particularly 
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in hot ohtnates. * Tfcey beat down the crops, strip trees of 
their leaves, fruits, find branches,- and sometimes kill even 
large beasts and men* A few ycaraago* a tremendous storm 
happened in Gloucestershire, axcompanied with a most re- 
markable hail-shower. The masses of ice which fell in places 
where the storm most fiercely raged, We no resemblance to 
the usual: state of hailstones in magnitude or formation, most 
of them being of a very irregular shape, broad, flat, and rag- 
ged, and rnany of them measuring- nine inches in circum- 
ference. They appeared like fragment* of a vast pfette of 
ice, broken into email masses, by its descent towards the 
earth. . - * ' 

The' phenomena attending the formation and fall of hail 
are but irnperfectly understood, though it is certain they are 
Connected wkh electftcity, and hence, the frequent occurrence 
of hail-showers during violent storms' of thunder and light- 
ning. They occur principally in the temperate 'regions of 
the globe, less frequently between the tropics, and pre almost 
unknown iir the frigid zones. . They are, also* more frequent 
in-slimmer than kr winter. In the south of France, and the. 
adjacent countries, much damage has been produced by the 
ravages of hail-storms. To .avert such ravages, hail-rods- 
have lately been erected on the same principle as hghtning- 
rod8. They consist of lofty poles tipped with metallic wires 
communicating with the earth. By thus subtracting the 
superabundant electricity of the clouds, it is supposed that 
the formation of hail might be prevented. It has been esti- 
mated by the " Linnean Society- of Paris," from numerous 
experiments made in different districts, that " if these hail- 
rqds were established through the whole bf France* it would 
occasion an annual sating to the revenue of fifty millions 
of francs." It -is also stated thai, in many districts which 
were formerly year after year devastated hy hail, the instru- 
ment, has -been ^adopted with complete success, while,, in 
neighbouring districts, net protected by hail-rods, the crops 
have been! damaged atfusualy ; 

4L i?et0.— Dew is vapour condensed into visible drops. It 
begins to be deposited about sunset, and is most abundant in 
valleys and plains neir rivera, and other collections of water, 
a*ad abounds dn-those parts of the surface which are clothed 
with vegetation. In England, the dew is observed, like the 
drops of drjzzhrfg rain, upon the leaves of grass and other 
vegetables,- upon wood, glass, porcelain, etc., or upon the 
earth, which fe thereby rendered sensibly moist. It fells 
more copiously in spring and summer than at any other time* 
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of the year. In countries situated near the equator, the dews- 
are generally observed in the morning throughout the year ; 
and in some places in the east, where rain seldom fells, they 
are so copious, as, in a great measure, to supply -its defi- 
ciency. During the heat of the day, a > great quantity of 
vapour is thrown into the atmosphere from the surface of the* 
earth and waters. When the evening returns, if, the vapour 
has not been carried off by currents, ft will happen that more 
remains diffused in the genera) atmosphere- than the tempera-' 
ture of the night will permit to subsist. A decomposition of 
the aqueous atmosphere then commences, and is continued 
till the general temperature and aqueous pressure arrive at 
an equilibrium, or till the returning sun puts an end to the 
process. 

Hoar-frost, which appears like a powdery crystallization on 
trees and herbage, is only frozen dew. The conversion of 
dew into hoar-frost 1s another wise arrangement of Nature, 
by which plants are protected from the severity of a freezing 
cold atmosphere. Fog* are clouds which float on the sur- 
face of the earth ; and clouds are fogs in the higher regions 
of the atmosphere. From many elevated places they may 
be seen moving in the vaHeys, and from the valleys they 
may frequently be seen creeping along the sides of the 
mountains. 



CHAPTER H. ; , ,"-. 

r WINDS. 

1. Winds in gmertU.->-'Wind is the motion of~a body of 
air flowing from one place to another. : The earth being sur- 
rounded .by a fine Invisible fluid, extending several miles 
above its surface, is acted upon by heat and cold arising from 
different causes. This appears to be the general cause of the 
phenomena of winds ; arid, according to the force or velocity 
with which the" masses of air move, we use the terms, a 
breeze, a gale, a storm, a tornado, a whirlwind, a hurricane, 
&c. When a fire is made in the open air, the rarefied par* 
of that fluid will ascend in a current, and the coolerand den- 
ser air will rush in oil all sides, ht consequence of- which a 
wind is generated, and blows constantly towards* the fire. 
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The wind thus produced will be too inconsiderable to be per- 
ceived at any great distance, but the rarefaction which arises 
from natural causes maybe such as to agitate our atmosphere 
sufficiently to produce those torrents of aif which have always 
a powerful effect in nature, and which sometimes overwhelm 
and destroy the fairest and most superb productions of human 
art. Among- the causes which produce this rarefaction of the 
atmosphere, and generate wind, the heat of the sun is not the 
least powerful/ Whetf the solar rays, by their reflection from 
die' earth's surface,, have* heateg! or rarefied a portion of the 
surrounding air, the air so rarefied ascends into- the higher 
regions of the atmosphere,^ andr the colder air, by which it 
was surrounded, moves, forward in a sensible .current to $lt 
the vacuity. ■ Likewise; when a condensation of vapour ft* 
the atmosphere suddenly takes* place, giving rise to clouds' 
which speedily dissolve in rain, the temperature of the sur- 
rounding air is sensibly altered, and the colder rushing in 
upon the -warmer, gives rise to a -sudden gust of- wind. ' In 
regard to the particular causes which prod tree the various 
winds which prevail in different regions of -the globe, differ- 
ent opinions have "been .entertained by- philosophers. And, 
therefore^ instead of examining theories and doubtful" opinions- 
en this*- subject, the writer will confine himself to the state- 
ment of a few facts respecting the- different species of winds 
as they are found to operate in different countries^ 
1 2. Genera^ or permanent wind*.— Winds are commonly 
divided' into three classes, namely; general, periodical, and 
variable winds; General winds are those which are perma* 
nent, and blow always in the same direction, and have re- 
ceived the name of trade-winds. These winds prevail chiefly 
within the tropics, and a few degress beyond. On the nprth 
of the equator, their direction is from the potth-east, varying 
at times a point or two of the compass each way. /On the 
south of the equator* they proceed from the south-east. These 
winds Constantly range in one direction, but never extend fur- 
ther than 90° from the equinoctial, either north or south. In 
the Atlantic arid Pacific oceans, under the equator, the wind 
is almost always easterly ; more to the northward, it generally 
Wows. between the north and eastr; "and, more to the south- 
ward of the equator, it blows between the southland east. 
Thedrigin of these winds appears' to be as' follows : — the 
powerful heat of the torrid zone rarefies {he air of that regidn; 
in consequence of this rarefaction, the air rises, and, to supply 
its pkfce, a colder body of air from each of the temperate 
rones moves towards the equator. But these north and south 
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winds paps from regions where the rotatciy motion of the 
earth's surface is less to* those where it is greater. Unable 
at once to acquire this new velocity, they are left Behind ; 
and, instead of being north and south winds, as they would 
be if the earth's surface did not turn jround, they become 
north-east and south-east winds. 

8. Periodical winds, or monsoons. — Those . winds, which 
blow in a certain direction for a time, and, at certain stated 
seasons, change, and blow for an equal space of pme from the 
opposite point of the compass, are called monsoons. During 
the months of April, May,' June, July, August, and Sep- 
tember, the winds mows from the southward or south-eastward 
over the whole length of the Indian ocean, namely, -between 
the parallels of 28° north, and 28° south latitude, and be- 
tween the. eastern coast of Africa, ^uad the meridian that 
passes through the western part of Japan ;- but, in the other 
months, October, November, December, January, February, 
and March, tho winds in ail the parts of the Indian ocean 
shift rounds and blow directly contrary to -the course ihey 
held in the former si* months. These wtnda suffer partial 
changes in particular- places, owing. to the fonn- and position 
of the lands, and other circumstances. When they shift, or 
when the south-west monsoon is. about to commence, it is 
ushered in by vast masses of clouds, from the Indian, ocean, 
accompanied with violent blasts of wind, which are succeeded 
by floods of rain, during which, th# lightnings flash without 
intermission, and the thunders roll with loud and deafening 
peals; and, when it ceases, the rain pours down in / large 
volumes. This terrific commotion of the elements lasts lor 
many days. . _ * ; '. ; ," 

4. Land and sea-breeze*. -r-Theze are another kind of pe- 
riodical winds which are common on the coasts and islands 
situated between the tropics. During the day, the wind 
blows for a certain number of hours from the sea to the land; 
but, when evening arrives, it changes its direction, and- blows 
as many hours from the land to the sea. The cause of /these 
alternations appears to be as follows :— water, being- a better 
conductor of heat than earth, is, always of a more even tem- 
perature. During the day, therefore, the land becomes con- 
siderably heated, the air rarefied, and, consequently, in the 
afternoon, a breeze sets in from the sea, which is less heated 
at that time than the land. 6n the other hand, during the 
night, the earth loses its surplus heat,. while the sea continues 
more even in its temperature. Tovrards morning, therefore, 
a breeze regularly proceeds from the land towards the ocean, 
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where" the air is warmer, and, consequently, more rarefied 
than oir the shore. .' * 

•- *&. Variable winds^ In most countries to th$ north and 
south of the tropics, the winds are very irregular and uncer- 
tain, and vary in- their direction at certain seasons of the year. 
In Germany,, the -east wind is most frequent at Gottingen, 
Munich, Weissemburg, Dusseldorf, Erford, and fjuda ; the 
south-east? at Prague and Wirfzburg} the north-east* at Ra- 
tisbone; and the west, at Manheim and Berlin. Along the 
whole south-west of Prance-, the wind blows most frequently 
from theg&orth, north-west, and north-east; on the~west coast, 
from the west, north-west, and south p and, on the .north coast, 
from the south-west, In Great Bjitahv the x north-east and 
south-west winds more frequently pre rail,^ along with' occa- 
sional north-west and 'aouth-east winds: From ten years' 
registers kept by the Royal Society, it appears that, in Lon- 
don, the winds blow m the following order : fronrthe south- 
west, 112 days ; norths-east, 58; north*west, 60; west* 4>#; 
south-east, 32; east, 26 ; south, 48 ; north; 16. From the 
same register, k appears that the south-west wind blows - at 
an average more frequently than afty -other wind during every 
month of the year ; that the north-east blows most constantly 
during January, March, April, May, and June, and that the 
north-west wind blows o/tene* from November to March, and 
mOre^ seldom during September and October,- than any other 
months. In Scotland} the south-west is by far the most fre- 
quent wind over all the country, especially on the west coast. 
At Edinburgh, the westerly winds have been found to blow 
230 days, and t£e easterly 135. At Saltcoats, in Ayrshire, 
the .south- west wind blows three-fourths of the year, and 
alpng the whole coast of Moray, oh the north-east side 
ef Scotland, it blows for two-thirds of the year. East winds 
are common over all Britain, during April and May, but their 
influence is felt most severely on the eastern coast. - 

la our northern region, winds seldom excite much alarm, 
nor are they often attended with the disastrous results which 
are frequent in the' tropical regions. It has* however, some- 
times happened, even m England, that winds; have produced 
the most appalling and destructive effects. In the great storm 
which, happened on the 27th- of December, 1708, the extra- 
ordinary power of the wind -created a noise hoaTse and dread- 
ful, like thunder, which appalled every 'heart. Horror and 
confusion seized upon all, whether on land or at sea. One 
hundred and twenty-three persons were killed by the falling 
of dwellings, among whom were the-bishop of Bath and his 
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lady, by the foil of ike episcopal palace. E^ht. thousand 

perished in the Severn and the Thames, and in ships blowa 
awayy and never heard of afterwards. Land, houses, * 
churches, corn, trees, rivers-^aJl were damaged by its fury* 
Small buildings were swept away as chaff before the whirl* 
wind ; above 800 dwelling-houses were laid in ruins ; 2000 
stacks of chimneys were blown down, in London ; 15,000 
sheep were destroyed on the banks of the Severn, and 2Ot*0OQ 
in the county of Kent; 3O0L shipe^SOO wherries, 800 ship* 
boats, and 100 lighhters and beiges, were entirely tost. The 
Eddysione Lighthouse was precipitated in the surrounding 
ocean, along with its ingenious architect and those that were 
with him. The damage done in the cityof London alone, bv . 
this storm, was computed at above two millions of pound* 
sterling ! Such are some of the dreadful effects of that in* 
visible fluid which surrounds us, when put in rapid motion 
by the force of currents. Light as its particles seenvto be* 
no human wisdom or power can, in such cases, avert its 
force, or withstand its* dreadful and destructive agency, us 
allusion to. which the Almighty is- represepted. as riding " on 
the wings of the wind," and direoting "the. whirlwind and 
the storm." ' . . 

6. Noxious and poisonous ttnnds.—These winds prevail 
most .generally in" southern climes. Of these, the harmattan 
is a very singular wind* which blows periodically from the 
interior parts of Africa towards, the Atlantic, oceans The sea* 
son m which it prevails is, during the months of December, 
January, and Febiuary.* It corner on at any hour of the day* 
and continues five or six days; and there are generally three 
or four veturns of it every season. This, wind is distin- 

5 dished by a log or base, and -extreme dryness ; no dew fails; 
wring its continuance,, vegetables wither, and the grass be- 
comes dry like hay,- The dryness is so extreme that- the 
covers of books* though closely shut up in a- trunk, are bona 
as if exposed to the fire. Household furniture is damaged, 
panels of wainscots split, and veneered wosk Qies to pieces.. 
The human body, likewise, feels the paichingt effects of the 
harmattan; the eyes, nostrils, lips, and palate, are rendered 
dry and uneasy 4 theJips^and nose- arte inflamed, and there is 
a troublesome sensation of pricking heat on the skin. . If the 
harmattan 1 continue, the .scarf-skin peels off,, first from (he 
hands and feet, and afterwards from the rest of fhe body. 

The sirocco is a wind which resembles, in some of its 
eflects, the harmattan. , It sometimes blows for several days^ 
together* and its medium heat is -calculated a,t 1!^; it is. 
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fetal to vegetation, and destructive to mankind, especially to 
those who are not natives of the country r it* depresses the 
spirits in an unusual degree ; it suspends' the powers of diges- 
tion in such, a manner, that those who venture to eat a heavy 
supper generally die during the night. / f % he sick frequently 
sink under the pressure of their diseases, so that it is cus- 
tomary, in the rooming after this whtoV hay continued a whole 
night, to inquire who is dead. During- tbe continuance of 
this wind, all nature appears to languish, vegetation withers 
and. dies, the beasts of the field droop ; the animal spirits \are 
too much exhausted to admit of the least bodily exertion* and 
the spring and elasticity of the air appear to be tost. In the 
city of Palermo, in Sicily, where it frequently prevails, the 
inhabitants shut their doors and windows to exclude the air $ 
where there are no window-shutters, wet blankets are hung 
on the inside of the windows, and (tee servants are kept eon-^ 
tmually employed in sprinkling the apartments tfith water, 
and the streets and avenues of the city appear at sueh times 
to be nearly deserted. This tarind is frequently felt mOreece, 
Jtaly> the Levant, and other parts of southern Europe ; it is 
occasioned by; currents of heated air from tfce deserts of 
Zahara in Africa ; but happily it is not of long continuance^ 
In Sicily, it seldom lasts longer than thirty-six or forty hours. - 

The sarnie}* or mortifying wind, is, perhaps beyond afl 
others, dreadful in, its effects. It generally blows on the 
southern coasts of Arabia, and the deserts near the city t)f 
Bagdad ; and i& supposed to have been the pestilence of the 
ancients, frequently killing all those who are involved in its 
passage. What its malignity consists in, none can tell, as no 
one his ever survived its effects to give information. It hasr 
been said that it frequently assumes a visible form r and dart* 
m a kind^of bluish vapour along the. surface of the country. 
The natives of Persia and Arabia talk of its effects with ter- 
ror; they describe it as under the conduct of a minister of 
vengeance, who' governs its terrors, and raises or depresses it 
as he thinks proper. The camels, either by instinct or ex* 
perience, have notice of its approach, and are so well aware 
of It, that they are said to make an unusual noise, and cover 
their, noses in the Sand. It blows ovey the desert in the 
taonths of July and August, and rushes with violence to the 
very gates ,qf Bagdad, but nev&r injures ^ny person in the 
city. To esfcape its effects, travellers throw themselves as 
close as possible to the ground, and wait till it has passed by, 
which is commonly a few minutes. As soon as they who 
hate life dare to rise up, they examine how it fares with their 
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companions by putting at their arms-or legs ; for, if Jhey are 
destroyed by the wind, their limbs are absolutely mortified, 
and will come asunder. An extraordinary blasting wind is 
felt occasionally at Falkland's Islands, bnt it seldom continues 
above twenty-four hours, it cuts the -herbage down* as if 
fires had been made under it, so that the leaves are parched 
up and crumbled into dust. Fowls are seized«vith cramp, so 
as never to recover ; and men are oppressed whfe a stopped 
perspiration, heaviness at the breast, and sore throats. , 

T^e simoon is a hot wind which prevails in Egypt, Arabia, 
Syria, and the adjacent countries. When it begins to blow 
in Arabia* the atmosphere assumes an alarming aspect. The 
sky becomes dark and heavy, the sun loses his splendour, 
and becomes of a violet colour, and- the air is thick from the 
subtle dust wkh which. it is loaded. At first, the wind is 
light and rapid,- and nef remarkably hot; its temperature, 
however, soon increases, 4ill it ranges at Upwards of 136** 
When it occurs, all animate*} bodies discover it by the change* 
it produces in them. The lungs are contracted and become 
painful, respiration is short and difficult, the skin parched 
and 4ry, and the body consumed by* an internal heat The 
streets are deserted, and the dead silence 4f night reigns 
everywhere. The inhabitants^ towns and villages -shut 
themselves up in their houses, and those of the desert in 
their tents, or in wells dug in the earth, where they wait the* 
termination of this destructive heat. ^ The only refuge tra- 
vellers have from it is f to fail down with their races close to 
the ground, and to continue as long 1 as possible wfehotffdraw- 
ing in their breath. Mr. Bruce thus describes it, in his jour- 
ney through the desert:*— w AT eleven o'clock, while we 
contemplated the top of Ohiggre, where we were to solace 
ourselves with water, Idris, our guide, cried out with a/ loud 
voice, « Fall upon your faces, for here is the simoon.' I saw 
from the south-east a haze, in colour like the purple part of 
the rainbow, which did not occupy twenty yards in breadth, 
about twelve feet from the ground, and it moved very rapidly, 
for I could scarce turn to fall upon the ground, with my head 
to the north, when I felt the heat of its current plainly on 
my face* We all lay flat on the ground as if dead, till Idris 
told us^it was blown over. The meteor or purple haze, wliich 
I saw was indeed passed, but the light air wnich still blew 
was of heat to threaten suffocation. \For my part, I found 
distinctly in my breast that I had imbibed a part of it, nor 
was I free of an asthmatic affection till I was in Italy two 
years afterwards.'* r* 
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Hurricanes are violent tempests of wind, accompanied wit% 
thunders and lightnings, rain, or bail.. These fearful concus- 
sions of the atmosphere happen most frequently in the range 
of the West India Islands; and about the Cape of Good Hope. 
The forerunner of the$e hurricane*, when first seen, is only 
like a small black spot on the verge of the horizon, palled by 
sailors the .bull's eye. : All this time a perfect cairn reigns 
over sea and land, while at length, coming to the place where 
its fury is to fell, it invests the whole horizon with darkness. 
During its approach, a hollow murmur is heard in the cavi- 
ties of the mountains, and animals, sensible of its approach* 
rim over the -fields to seek /or shelter... Nothing can J>e more 
terrible than its violence when it begins. The sun, which, 
but a moment before, blazed, in meridian- splendour, is totally 
shut out, and a midnightr darfeoess prevails, except that the 
mir is incesaantty illuminated with gteame of lightning* so 
vivid that one can see to read, and the rain pours, down in 
torrents. All the elements- seem tp arm themselves for the 
destruction of human labours, and even of the scenes of na- 
ture herself. The* velocity of the wind is such, that corn, 
yines, sugar-canes* forests, houses, .boats, ships, are swept 
away, or buried in the deep. 

A tornado is a sudden and violent gu/st of wind frorn all 
points of the compass. It partakes somewhat of the nature of 
a hurricane, but is still more violent in its effects. The winds 
seem to blow from every quarter, and settle upon one des* 
lined place, with such fury that nQtbing can resist their vehe- 
mence. When they have met in their central spot, the whirl- 
wind begins Witfc circular rapidity. . The sphere .every mo- 
uoent widens, as it continues to turn, aru} catches every obv 
ject that' lies within its-attraction. The mariner, within the 
reach of its influence at sea; must try all his power and skill 
to avoid k, which, if he fail of doing, there is the greatest dan- 
ger of his going to the bottom . Tornadoes most freq uently rage 
-along the^coasts of Guinea, and other parts of western Africa. 

-Such are a few brie£ sketches of the phenomena of noxious 
mnd stormy winds. It is evident that they did sot exist in the 
primitive state of our globe ; for the operation of such agents 
of terror -and destruction appeej» altogether inconsistent with 
the idea that man is at present in a paradisaical state, and pos- 
Tiessed of that innocence and moral purity in which be wasT 
created. It s^pears incompatible with the idea of an Al- 
-mighty Intelligence, possessed of ooundJess benevolence, that 
innocent beings 1 should be-so frequently subjected to the in- 
fluence of such dreadful agents, by which they- are swept 
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from the-Jiving world in a manner so appalling and terrific. 
Man is, therefore, a creature who has fallen from his primi- 
tire state of integrity ; and such fearful ' agents, and many 
others, as the volcano and the earthquake, are so>many proofs 
and evidehcesrof the depravity and fallen state of the human 
race ; otherwise they would not he permitted to inhabit a 
world where so many 1 destructive influences are in operation. 
An important change appears to have, taken place in the con- 
stitution of the atmosphere at the period of the universal de- 
luge, which probably may have have given rise to many of 
the physical evils Connected with this part of our terrestrial 
system ; which may, in afte^ages, be in a great measure re- 
moved, when the earth' shall te cultivated throughout its 
whole extent, and universal peace and brotherhood prevail 
among all nations. Notwithstanding, however, the occasional 
operation of these destructive agents to which we allude, the 
arrangements connected with -out globe, in theirv prominent 
bearings, and considered as a whole, evidently display t^e 
long-sufiering, the tender mercy, antf the, goodness of Jeho- 
vah, and should lead us to humble ourselves in his presence, 
under a sense of our manifold deviations from the path, of his 
commandments. / ' 

The veioeitv of winds varies, from the gentlest breeze or 
an imperceptible movement, to a hundred miles an hour. 
Light airs may be considered as moving at the rate of from one 
to three miles an hour, or from a foot and a half, to four feet 
and two-fifths, per second ; a breeze, from four to six miles an 
hour ; a brisk gale from ten to sixteen miles an hour ; afresh 
gale, from twenty to twenty-five miles ; a strong gale, from 
thirty to thirty-five miles; a hard gale, from fprty to forty- 
five miles ; a storm or tempest, fifty/miles^ a great storm, 
sixty miles } a hurricane, eighty miles ; a violent hurricane, 
tearing up trees, throwing down houses, etc., moves at the rate 
of one hundred miles an hour. v - ? ~. 

Notwithstanding the. occasional ravages of winds, they pro- 
duce many 7 beneficial effects in the system of nature. They 
serve as ventilators for purifying the atmosphere 4 they dis- 
pel togs and noxious vapours.; they agitate. the waters of the 
ocean, ami prevent them from stagnation and putrefaction ; 
m the heat of Summer they fan us with sales and .gentle 
breezes. By their mechanical force, windmills and other ma- 
chinery are sei if* motion, and ships impelled across seas and 
oceans 4o the remotest corners of the globe, to promote, com* 
m*ree, learning, religion, and the mutual intercourse of hu- 
man beings. . . ; ■ . 
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CHAPTER III. 

LUMINOUS AKP FIKRV; METSORS.- 

1, The Aurora /forea/w^This is one of the roost splendid 
phenomena which appears in the visible sky, especially when 
its coruscations diffuse themselves over, the whole face of the 
heavens. The appearances of the .aurora may be arranged 
under the following particulars: — 1. A' horizontal light, like 
the morning twilight or break of day. This light generally 
appears in the north or north by west, and sometimes seems 
as if it broke out from a few darkish clouds. & Fine, slender, 
luminous beams, well defined, and of -a dense light. These 
frequently continue a half or a whole minute, apparently at 
rest, but more frequency with a quick lateral motion, that js, 
from east" to west, or the contrary. 3. Flashes pointing up- 
wards, or in the, same direction with the beams, which, they 
r always succeecj. These aje only momentary, and have no 
lateral motion, but they .are generally repeated many time* in 
a minute.. They appear much broaden more diffuse, and of 
a weaker light than the t heams ; they grow gradually fainter 
til) they disappear, and sometimes continue for several hours, 
flashing at intervals.. Sometimes they are confined chiefly to 
the northern region, of the heavens, and at other times illumi- 
nate the whole sky with their fantastic coruscations. Such are 
some of the general appearances of the aurora tyorealis, but 
they are strikingly varied at different times, and it is difficult 
accurately to describe the shifting and splendid phenomena 
they present. _ 

The aurora has been occasionally seen in all ages i it is 
spoken of by Herodotus, Xenophon, Diodorus Siculus, Ho-, 
mer* Virgil, and Ossian, the Highland bard. Aristotle, in his 
work on joaeteors, describes it as *« an appearance observed by 
nig;ht in calm weather, resembling flame mingled with smoke, 
or the distant appearance of burning stubble ; the predomi- 
nant colours being purple, bright red, and blood colour."' It 
has been more frequently observed in Gfreat Britain since the 
year 1716, when, on the 6th of March, it. appeared with a 
splendour which attracted universal attention, and was consi- 
dered by many as prognostic of wars, famine and pestilence, 
and a foreign race of princes. , 

The following is a description of an auroraf as seen by Dr. 

* Digitized by CjOOQIC 



96 LXTMIKOUS AHD TtB&Y METEORS. 

Dalton : — »* Attention was firtt excited by the remarkably red 
appearance of the clouds to the south, which afforded suffi- 
cient light to read by at eight o'clock in the evening, though 
there was no moonlight in the north. Prom hal£past nine to 
ten, p. m ., there was a large luminous horizontal arch to the 
southward, and one or more concentric* arches northward. 
At half-past ten o'clock, streamers appeared very low in the 
south-east, Tunning to and fro from west to south; they in- 
creased in number, and began to approach the zenith appa- 
rently with an accelerated velocity, when all of a sudden the 
whole hemisphere was covered with them, and exhibited such 
an appearance as surpasses all description." The intensity 
of the light, the prodigious number and velocity of the beams, 
the grand intermixture of all the primitive colours in their ut- 
most splendour, variegating the'giowing canopy with the mo&t 
enchanting scenery, afforded an awful, but, at the same time, 
pleasing and most sublime spectacle. Every one gazed with 
astonishment, but the uncommon grandeur of the scene only 
lasted only one minute ; the variety of colours disappeared, 
and the beams were converted into the flashing radiations ; 
but even then it surpassed aH other appearances of the au- 
rora; in short, the whole Hemisphere was covered with it.'* 

The writer had occasion to witness a splendid and some- 
what terrific display of this phenomenon, in the vicinity of 
Dundee, on the I7tn November, 1835. A little before nine 
o'clock, p. m., the coruscations first began* to appear, Which 
in a short time diffused all the brightness Which appears in a 
moonlight evening. About ten ©"clock, the aurora shone in 
all its splendour, when coruscations, or streams of light, more 
than thirty or forty degrees m length, appeared to issue from 
a central point near the zenith', and to extend themselves fn 
every direction, south* north, east, and west, like the meridians 
on an artificial globe. The most singular feature displayed 
by this aurora was that of a number of streams of light of a 
dark red colour, like blood, arid resembling expansive sheets 
of flame, which were' seen in all directions mingling their 
streams with the more brilliant yellow coruscations, and giv- 
ing to 1 the whole celestial concave an appearance of terrific 
grandeur, which seemed- to impress the mind of every be- 
holder with awe and terror. This display continued during 
the night till four o'clock next morning, and was visible over 
the whole/ island of Great Britain. . In Loridon, it produced 
such an effect, that the policemen, ignorant of its nature, hur- 
ried to and fro through all the avenues of -that city in search 
of fires, which they imagined had burst forth from every 
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quarter* On /the evening of September 29, 1647, about ten 
o'clock, a brilliant and rather, uncommon aurora made its ap- 
pearance near Pundee. The sky was strongly illuminated 
in the north, and numbers of spiral cof uscatious shot upwards 
towards the zenith*. Butits most striking peculiarity was 
that, on a sudden* and in a portion of the sky which was per- 
fectly clear, an immense stream of light began to blaze with a 
quirering motion, like a huge serpent, or in> form like the 
fetter s, extending forty or fifty degrees in length, and several 
degrees in breadth. ' Such streams of brilliant light, which 
appeared .and vanished with all the rapidity of lightning, 
were to-be seen over most regions of the sky. 

This" phenomenon appears more frequently, and displays 
itself in still' greater splendour in the pdar regions than in 
our country. It is also said that, in those regions, a hissing 
sourid is heard during its. continuance. During the long 
nights; of winter in 'those, countries, ^particularly in Lapland 
and Greenland, -its radiations, along with the light of the 
heavenly bodies, are sufficient 'to guide the inhabitants in 
their journeys, and to enable them, to engage in all the other 
avocations of life. In- the northern parts of Siberia-, the au- 
rora begins with single bright pillars rising in the, north, 
which, gradually increasing, comprehend a large space in the 
heavens, rush about from place to place with incredible velo- 
city, and at last ^over almost the whole sky jip to the zenith, 
and produce an appearance as if a. vast tern were expanded 
in the heavens glittering with gold, rubies, and sapphires. It 
has been found, like wise, that these brilliant phenomena are 
visible in the south polar regions as well as- in the north. 
The general appearance of the aurora borealis is -pretty well 
described by Thomson, the poet of the " Seasons." 

"Silent from the north 
A blaze of meteors shoots \ ensweeping first 



The lower skies, they, all at once converge . 
High to the crown of heaven, and all at 
Relapsing quick,'as quickly re-ascend 



■ * And mix and thwart, extinguish and renew 

All ether coursing in a^maze of light." y 

Various opinions have been formed as to the cause which 
produces the phenomena of the aurora. Most philosophers 
seem to agree that it is of ah electrical nature, las its appear- 
ance can be imitated by artificial electricity. Dr. Faraday 
considers if as highly probable, " that4t is a luminous accu- 
mulation of electricity- flowing from the" equator to the poles, 
for the restoration o£ electric^ equilibrium." But whatever 
nay be the physical cause of the aurora, h presents to ou_ 
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Tiew ene/of the nK*t beautiful, sublime, and at the same time 
awful and mysterious phenomena which appear in our sky 
—while its. coruscations sometimes cover, with inconceiva- 
ble magnificence, the concave of the whole hemisphere, 
changing their positions every moment, now resembling vast 
pyramids, or innumerable columns* now- vanishing in a mo-r 
men!) leaving the heavens sombre and black, and now return- 
ing with increased splendour,' shedding a matchless glory- 
over the heavens. Such striking phenomena evidently dis- 
play the majesty and glory of the 'Creator and his power to 
cause the invisible elements of nature to produce the most 
grand and diversified scenery — and although their mode of 
operation is not. thoroughly discovered, they are, doubtless, 
intended to subserve beneficial purposes in the system of 
creation. • > ^ 

2. Luminous arches. —These are somewhat striking phe- 
nomena, which sometimes precede, or accompany the aurora 
borealis, but they make their appearance only at- very distant 
intervals. The writer has seen only four or five of these 
arches within the space of the last thirty years. One of the 
most brilliant of the arches appeared on the $7tkof August, 
1846, and was first perceived a- few minutes before nine 
o'clock in the evening. It was a grand and beautiful lumi- 
nous arch, which, stretched from one side of ,tbe heavens to 
the other, forming A most resplendent object hi a clear and 
serene sky. Its highest point was about seventy-five degrees 
above the southern horizon-f-a little above the* brilliant star, 
Vega Lyra. Like all the other arches of this kind he has 
seen, it had a gradual motion downward towards the southern 
horizon, so that in the course of twenty minutes it was con* 
siderably below the star now mentioned. Its direction was 
from east by north, to west byr south, or nearly at right angles 
with the magnetic meridian— which seems to indicate that it 
is connected with" the operation of the magnetic principle. 
This is the exact direction of all the luminous arches now re- 
ferred to, and they are all evidently connected with the ap- 
pearance of the -aurora borealis, and may" be considered as a 
peculiar modification of this phenomenon. Its breadth was 
greater than that of a common rainbow ; there appeared no 
prismatic colours; but a pure brilliant white, contrasting most 
beautifully with the deep azure of the sky. -- An aurora ap- 
peared at the same time in the north and norths est, but its 
coruscations were not very vivid, and continued only for a 
very short time. The arch began first gradually- to disappear 
at its extremities, near the eastern and western horizon, an4» 
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- about forty minutes after having been first seen, it was com- 
pletely dissipated. The height of such phenomena above 
the earth has been variously estimated. Euler estimated 
them at 1000 miles ; 'Boscovich, at about 800 ; Bergman, at 
460; and Dr. Daltoh, at 150 miles, which is perhaps nearest 
the truth. Whatever may be the height 'of the luminous 
.arches, we have reason tq believe that .the elevation of the 
aurora boredlis above the earth is the same, as they evidently 
are produced by the operation of the. same cause. 

3. Mre-bcdls.—' -These are a species of luminous or fiery 
bodies, which are occasionally seen to wing their flight through 
the upper regions, with a considerable degree of velocity and 
splendour.' In tropical climates, these bodfes are more fre- 
quently se$n than in' our more temperate regions. The fol- 
lowing are a few brief descriptions of some of the meteors. 
Mr. Barham relates that, when he was riding in^ Jamaica, one 
evening, he beheld a ball of fire apparently about the bigness 
of a' bomb* swiftly faUing down with a great blaze. Approach- 
ing the place where it. fell, he found the ground strangely 
broken up and ploughed, and several holes appeared of the 
bigness of a man's head, and all the green herbage burned 
up near the holes ; at the same time, a strong smell of sul- 
phur." In the year 1676, a great globe of fire was seen at 

^Bononia,in Italy, about forty minutes after .sunset. It passed 
with a most rapid course, and at the rate of not less than one 
hundred and sixty miles a minute, and at last* stood over the 
^Adriatic sea. It crossed all Italy in its course^ and, by com- 
putation, it was found that it could not have been Jess than 
thirty-eight, miles above the surface of the earth. Wherever 
it approached, the inhabitants beloW coujd distinctly hear it 
with a hissing noise> resembling that of a firework. It was 
heard to go off with a violent . explosipn. Its magnitude, 
when at Bononia, appeared twice as long as the moon, one 
Way, and about as broad the other. It was estimated to be 
a mile long and half a mile* broad. 

One of the most striking and extraordinary* meteors of this 
kind made its appearance, on the- 18th of August, 1783, about 
nine o'clock in the evening. It was seen in all parts of Great 
Britain, from the Shetland isles to the English channel, over 
all France, and the greatest. part of Italy, and is supposed to 
have described a tract of at least one thousand miles over the 
surface of the earth. It appears to have burst and re-united 
several times, and the first bursting which was noticed was 
somewliere over Lincolnshire, in England. Jts . appearance 
produced universal wonder and alarm. When it was ob- 

i % 



10ft LUMINOUS ANJ) FIERY METEORS. 

served at Brussels, the moon appeared quite red, and the illu- 
mination was so great as totally to obliterate the stars. A 
report was heard sometime after it disappeared, which was 
loudest in Lincolnshire, and afterwards m the eastern parts 
of Kent. A hissing sound was said also to accompany its 
progress. At Greenwich, two bright bails, parallel to each 
other, led the way, and were followed, by an expulsion of 
eight others. The balls were tinted first with a pure bright 
light, then followed a yellow mixed with azure, red, and 
green, which, with a coalition of bolder tints, jm4 a reflection 
from the other balls, gave the most beautiful rotundity and 
variation of colour with which the human «ye could he 
charmed. The height of this fire-ball was reckoned at from ' 
seventy to ninety miles, its diameter was estimated at nearly 
two miles, and its velocity at about 1000 miles a minute. 
The same, year, on the 4th of October, at forty-three minutes 
past six in the evening, another meteor appeared, nearly of 
the same description, but much smaller and of shorter dura- 
tion. It was first perceived to the northward as a stream of 
fire, like the common shooting-stars, but large, $ and presently 
burst out into that intensely bright bluish flame, which is 
peculiar to such meteors. It was nearly glojbular, but left 
behind it a-dusky red streak of fire. ." After moving ten de- 
grees in this state, it became suddenly extinct without any 
explosion. Its height was estimated at between forty and 
fifty miles. 

As to the physical causes which produce these extraordi- 
nary meteors, we are still in a great measure ignorant. The 
general opinion among philosophers is, that they owe theii 
origin, to the operation of electjrjcity. The velocity with 
which these meteors wing their-flight-*— the electrical pheno- 
mena attending them, the lambent flames and sparks proceed, 
ing from them — their connection with the aurora borealis, on 
whose appearance luminous balls have been seen formed and 
darting about with great velocity— and their general motions, 
which are constantly from or towards the north, or north-west 
— have been viewed as so many arguments corroborative of 
their electrical origin. Still it is difficult to account for all 
the phenomena exhibited by these bodies by electricity alone, 
since some of these bodies appeared to be of, a denser and 
more compact structure than electricity could produce. 

4. Shooting or falling stars. — These are meteors which 
are frequently seen darting through the sky, in the form of 
stars, and mcst frequently accompanied with- a train of light. 
The nature of jhese bodies has not yet been well ascertained, 
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and philosophers have of late been disposed to aher their 
former opinions respecting them* It appears, from certain 
late observations made at Breslau by Professor Brandes and 
his pupils, that the height of some shooting-stars is not less 
than five hundred miles, and that they move at the rate of 
eighteen miles in a second. : A most extraordinary and won- 
derful display of the phenomena of shooting-stats has of Tate 
occurred in different places* particularly in America. On 
the evening of the 12th and the morning of the 18th Novem- 
ber, 1833, a shower of these meteors happened at Boston, 
New York, and other places, and their number was consi- 
dered to equal one-half of the flakes' which fill the air in an 
ordinary fall of snow. It was calculated that, in some places, 
they fell at the rate of 36,000 per hour, and: the phenomena 
lasted more than seven hours. At Boston, the number of 
shooting-stars which were seen was estimated at two hundred 
and forty thousand. Similar phenomena, though not in such 
numbers, have appeared in various other places, and in the 
subsequent years, from the 12th to the 15th November, and 
hence they have i>een denominated the November meteors. 
M. Arago, the French philosopher, is of opinion, that such 
extraordinary phenomena cannot well be accounted for, unless 
it be supposed that, besides the planetary bodies which re- 
volve around the sun, there are myriads of smaller bodies, 
which only become visible at the moment when they come 
within our atmosphere and assume a meteoric appearance ; 
and that they move in groups, and also singly. Dr. Olm- 
sted, of New Haven, who particularly investigated the mete- 
oric showers of 1833, deduces the following among other 
conclusions; — That the distance of the body whence they 
emanated was about 2338 miles-— that they entered the earth's 
atmosphere with a velocity of four miles per second — that 
some of the larger meteors must have been bodies of great 
size, not less than a mile in diameter— and, that they con- 
sisted of portions of a nebulous body which revolves around 
the sun, in one hundred and eighty-two days. < 

We may learn from such phenomena that, if the universe 
were not under the superintendence of a wise and benevo- 
lent Being,- or if the powers of nature were left to act -at ran* 
dom, the world in which we live might be subjected te mani- 
fold disasters front unknown bodies, arid unseen causes, from 
-which we have hitherto been protected. 

5. Parhelia, or mock surib. — A parhelion is a meteor in 
the form of a very bright light appearing on one side of the 
sun, and resembling that luminary; They generally seem 
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about the size of the trae sun, not quite so bright, though 
sometimes, they are said to rival their parent luminary in 
splendour. When there is a number of them, they are not 
equal to each other in brightness, and externally they are 
tinged with colours like the rainbow. They differ in num- 
ber and size ; but they all agree in breadth, which is that of 
the apparent, diameter of the sun. Appearances of this kind 
have been observed, both- in ancient and in modern times. 
Gassendi, the Italian astronomer, relates, that in 1635 and 
1630, he often saw one mock sun. Two were observed by 
M. de la Hire, in 1689, and the same number by Cassini, 
1693 ; Mr. Grey, in 1700 ; Dr. Halley, in 1702 ; the Rev. Mr. 
Hamilton, in Dublin, in 1783; but the most remarkable 
appearances of this kind were seen at Rome/by Schemer; 
by Muschenbroeck, at Utrecht ; and by Heveh'us, at Sedan ; 
by the former, four mock suns were observed, and by the 
latter seven. 

The phenomena of these meteors observed by Scheiner, at 
Rome, is represented at figure 7, in which a is the place of 
the observer ; b, bis zenith ;.. c, the true sun ; a b, a plane 
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passing through the observer's eye, the true sun, and tne 
zenith. About the sun, c, there appeared two concentric 
rings, not complete, but diversified, witn colours. The lesser 
of them, d e f, was fuller and more perfect ; and though it 
was open from p to f, yet those ends were perpetually endea- 
vouring to unite, and sometimes they did so, The outer of 
these rings was much fainter, so as to be scarcely percepti- 

Digitized byV^iOOQlC 



WtTOHEB AND UflHtirare. 105 

He, It had, however, a variety of colours, but was very in> 
constant. The third circle was very large, and entirely 
white, passing through the middle. of the sun, and everywhere 
parallel to the horizon.- In the intersection of this circle, and 
the outward iris, o ki, there broke out two parhelia, n and k. 
The brightness of the middle of them was something like that 
of the sun, but towards the edges they were tinged with 
colours like the rainbow. The parhelion n was a Jittle waver- 
ing, and sent out a- spiked tail, n p, of a colour somewhat 
fiery. The parhelia at l and u were not so bright as the 
former, but were rounder and white, like the circle in which 
they were placed. The parhelion n disappeared before k, 
and while m grew fainter, k grew brighter, and vanished the 
last of all. Parhelia have been visible, for two, three, and 
four hours together, and in North America they are- said to 
continue some days, and to be visible from sunrise to sun- 
set. 

6. Thunder and Hghtning. — 'These sublime and terrific 
phenomena are Well known to every individual, and are occa- 
sionally displayed in, every region of the globe. A thunder- 
storm usually happens in calm weather, though sometimes it 
has been accompanied- with* furious winds. A dark cloud 
is observed to attract other clpuds to it, by which it continually 
increases both in magnitude and apparent density ; and when 
it has thus accumulated to a great size, its lower surface 
©wells in particular parts towards the earth, and light flimsy 
clouds are sometimes seen flying under it, and continually 
changing their ragged shape. During the time the cloud is 
thus forming, f he heavens begin to darken apace, the whole 
mass sinks down, wind arises, add frequently shifts m squalls, 
flashes of lightning are seen to dart from one part of it to 
another, and often to illuminate the whole, mass and the sur- 
rounding landscape. When the cloud has acquired a suffi- 
cient expansion, the lightning strikes the earth in two oppo- 
site points ; its paths lying through the wbole body of the 
cloud. Heavy rains, and sometimes hail-showers, accompany 
these dire phenomena, till, after numerous successive dis- 
charges, the cloud rarefies, and the storm ceases. The scene 
oF a thunder-storm is generally in the middle regions of the 
atmosphere ; and it is not a. frequent case that an electrical 
discharge is made into the earth. The lightning darts from 
one cloud into another, and when the clouds are high, there 
is no danger to persons or objects on the surface of the earth. 
But when the cloud is low, and within the striking distance 
of the earth, when the flashes appear to strike perpendicu- 
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larly, and when only a second ot two elapse between seeing 
the flash and hearing the report of the thunder, every object 
around may be considered as within the limits of danger ; for 
then the lightning strikes into some part of the earth, and 
every object in the line of its course is liable to be injured. 
We ma"y ascertain the distance of a thunder-cloud, by count- 
ing the number of seconds or pulsations that intervene between 
seeing the lightning and hearing the first sound of the thun- 
der, allowing about 1142 feet, or 380 yards for every second. 
Thus, if two seconds intervene, the distance is 760 yards ; if 
three seconds, 1140 yards ; if four and a half seconds, 1710 
yards, or nearly a mile, etc. During a thunder-storm, the 
lightning sometimes assumes different forms. Sometimes it 
appears as. balls of fire, moving with great velocity : this- is 
the most dangerous species of lightning, and where they 
strike, corn-yards are set on fire, and sometimes flocks of 
sheep, herds of cattle, and human beings, are instantly killed/ 
Another form is that of zigzag lightning, which most fre- 
quently accompanies thunder-storms. It is likewise destruc- 
tive, but not to the same extent as the ball-lightnings The 
next species is the sheet-lightning, which appears in the form 
of a lambent flame, or a sudden illumination, without any 
determinate form. It is never known to do any injury. 

As to the cause of thunder-storms, it is now ascertained, 
beyond dispute, that lightning and electricity are identical. 
This had been, long ago, surmised, after the attention of -phi- 
losophers had been directed to the subject of electricity. It 
was observed that lightning, in its course, took the best con- 
ductors of electricity, such as bell-wires, and gildings ; that 
it burned, exploded, and destroyed conducting substances, as 
electricity does ; that it struck the most elevated objects, a* 
trees and spires; that the crooked form of zigzag lightning 
was similar to that of an electric spark ; and that it affected 
the nervous system, and changed the polarity of the mari- 
ner's needle, as electricity was found to do. This was, at 
last, put to the test of experiment by Dr. Franklin, by ele- 
vating, during a thunder-storm, a kite, with a metallic point 
on the head of it, when he drew an electric spark from the 
cloud by means of a key, connected with the wet string, 
which was .connected with the kite. Nearly at the same 
time an experiment, somewhat similar, was performed by M. 
Dalibard, at Marly de Ville, about fifteen miles from Paris* 
These experiments were made in 1752, and since that period, 
lightning, and the electric matter, have been considered as 
the same ; though there are still many phenomena connected 
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with thunder-storms of which we are ignorant. The grand 
practical use to which Dr. Franklin applied his discovery, 
was to secure buildings from being damaged or destroyed by 
lightning ; which is accomplished by fixing a pointed metal- 
lic rod higher than any part, of the building, and communi- 
cating with the earth. This wire the lightning will seize 
upon, in preference to any other part of the building, by 
which it is conducted to the earth without injuring- the inha- 
bitants. 

Maxims during a thunder-storm. — When in the open 
fields, avoid trees, hut be near them — say at the distance of 
thirty or forty feet — as high objects are more likely to be 
struck with lightning than those which are low. When 
walking in the open air, avoid ponds, rivers, streamlets, and 
every mass of water ; for water, being a conductor of elec- 
tricity, might determine the lightning to the place we oc- 
cupy. Do not avoid rain, as it is safer, in a thunder-storm, 
to be completely drenched than otherwise. When in a 
house, persons should avoid sitting near the fireplace, as it 
brings us in connection with the highest part of the building, 
and which contains such conducting substances, as the grate, 
the fender, and fire-irons. Bell-wires, mirrors, gildings, lus- 
tres, and other, metallic substances, should also be avoided. 
The safest position is in the middle. of a large room, at a dis- 
tance from conducting substances, with our chair placed on a 
xnattrass. 

In the preceding pages, we have taken a cursory survey 
of the nature and properties of the atmosphere, and of the 
phenomena it frequently presents, and have noticed the evi- 
dences of Divine wisdom and beneficence as displayed in the 
arrangements connected, with this admirable appendage to 
our globe. A devout contemplation of this subject is worthy 
of the serious attention of every rational and Christian mind ; 
r or all the works of God are- intended to display to intelligent 
beings certain parts of the character and attributes of the 
Almighty, and to inspire us with love and gratitude for those 
merciful and benevolent arrangements by which our lives are 
preserved, and our happiness and comforts secured. The 
system of the material world, in all its varieties, may be con- 
sidered as one of the revelations given by God to man, in 
order that we may trace, from his external operations, visible 
to every eye, something of the nature of that Almighty Being 
who at first brought all things into existence, and who, every 
moment, superintends all their movements. Hence we are 
iuformed, by an inspired writer, that the " invisible things of 
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Him from tbc creation of the world are dearly seen, Being 
understood by the things that are made, even his eternal 
power and Godhead." 

Had man continued in primeval innocence, in the complete 
exercise of his moral and intellectual faculties, this would, 
perhaps, hare been the only revelation of which he stood in 
need. But, in his present fallen state, the investigation and 
study of the material world are not sufficient to lead him to 
the knowledge of the true God, and to guide him in the way 
that leads to immortal happiness. Hence it happened that 
even the wisest sages of antiquity, who were destitute of any 
other revelation, completely failed in attaining to just concep- 
tions of the Eternal Divinity, of the worship and homage he 
required, of the duties they ought to perform, and of their 
eternal destination. "Professing: themselves to be wise, they 
became fools, and changed the glory of the uncorruptible God 
into an image made like to corruptible man, and t? birds, and 
to four-footed beasts, and creeping things." 

The religion of nature is glaringly -deficient in directing us 
to correct views of the attributes of the true God, and parti- 
cularly of the conceptions we ought to form of his moral 
character, as a Being possessed of strict and impartial justice 
and eternal rectitude, and whether he be disposed to the ex- 
ercise of mercy and love. Hence, some of the ancient phi- 
losophers denied his existence, and others embraced the no- 
tion of a multiplicity of gods, celestial, aerial, terrestrial, and 
infernal ; and the moral characters and actions attributed to 
such deities were distinguished for every thing that was 
wicked, base, cruel, and licentious. The light of nature can 
afford us no certain and indubitable evidence of the immor- 
tality of the soul, a future state of eternal rewards and punish- 
ments, or of a future and glorious resurrection : for many 
opposite and discordant opinions prevailed on this subject 
among those who were destitute of Divine revelation ; some 
of them absolutely denying the existence of such a state as a 
vulgar error ; while others represented it as altogether uncer- 
tain, having no solid foundation for its support. The light 
of nature can convey no proper notion of a creative Power 
that could produce the universe out of nothing, nor of the 
time and manner in which the world was created and ar- 
ranged. Hence, one sect of heathen philosophers held that 
the world was eternal ; and another, that it was formed in its 
present admirable order by a fortuitous concourse of innume- 
rable atoms. ( It can afford us no certain information respect- 
ing the origin of evil, and the cause of that depravity and 
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misery, which exist among mankind ; and, in short, it can 
point out no method by which those who have offended God 
may be certainly restored to his favour, and a reconciliation 
effected between God and man ; so that his mercy may be 
exercised without the violation of his justice, and the pardon 
of sinners rendered consistent with the honour of his laws 
and the wisdom and equity of his government. From na- 
ture, therefore, there arises no sufficient comfort to sinners to 
warrant hopes of forgiveness ; but, on the contrary, anxious 
and endless solicitude about the means of appeasing the 
Deity. Hence the various modes of sacrificing, and the 
numberless superstitions which overspread the heathen world, 
but which were unsatisfactory to the wiser part of mankind, 
even in the times of pagan darkness and ignorance. 

While ignorant of the important and interesting truths now 
adverted to, we can enjoy no solid happiness in the present 
state, nor any cheering prospects in reference to a future and 
eternal world. But, on all these subjects, so interesting to 
every human being, the Christian revelation throws an efful- 
gence of light and evidence, and affords every satisfaction to 
the anxious mind which it can desire. It has " brought life 
and immortality to light," and shed a radiance over the man- 
sions of the tomb, and the scenes of a future world ; it has 
unravelled the origin of evil, and the cause of all those mise- 
ries and moral abominations which have -prevailed in the 
world ; and, above all, it has disclosed the gracious purposes 
of the God of mercy and love towards our fallen and apos- 
tate world, and opened the way by which sinners may be 
pardoned and restored to the Divine favour, in full consist- 
ency with all the perfections of the Divinity, and the honours 
of his universal government. For thus runs the declaration 
of the Most High to all the children of men : " God so loved 
the world that he ffave his only begotten Son, that whosoever 
believeth in him should not perish, but have everlasting life." 
Me sent his Son into our world, as a messenger of peace, 
" to bear the sin of many," " to bring in everlasting right- 
eousness," to make "intercession for the transgressors," to 
vindicate the honours of his broken law, to abolish death, and 
to open the way to the mansions of glory in the heavens, to 
men of all nations, kindreds, and languages, who receive the 
record he hath given of his Son, and submit to the method of 
salvation he bath devised. He hath set forth his Son to the 
world to be "a propitiation through faith in his blood, to de- 
clare his righteousness for the remission of sins, . . . that 
he might be just and the justifier of him which believeth in 
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Jesus." It is, therefore, •« a faithful saying, and worthy of 
all acceptation, that Christ Jesus came into the world tp save 
sinners," even the chief. And all who receive the salvation 
thus proffered, will consecrate themselves to his service, and, 
by the aid of the Holy Spirit, prosecute a course of obedience, 
** denying ungodliness and worldly lusts," and living "so- 
berly, righteously, and godly in the present world." Every 
sin and violation of the Divine law will be carefully avoided ; 
every holy disposition, every heavenly temper, and every 
Divine virtue and grace will be sedulously cultivated ; love 
to God and man will pervade all the faculties of the soul, and 
be displayed in the general tenor of the conduct ; and, by 

Sursuing such a course of action, the individual will be grad- 
ually prepared for the nobler contemplations and exercises 
of that higher sphere of existence, where there is " fulness 
of joy," and " where there are pleasures for evermore." 

From what we have now stated, we may fairly conclude, 
that all our contemplations of the works of nature, and all our in- 
vestigations of the system of the visible creation, ought to be con- 
ducted in connection with the views and discoveries unfolded 
by Divine revelation. The two revelations which God has made 
to us, when properly studied, will be found not only in per- 
fect harmony, but to throw a mutual light on each other ; so 
that what may appear deficient in one is supplied by the 
other. While we contemplate the manifestations of Divine 
power, wisdom, and goodness, in the arrangements and opera- 
tions of nature, we perceive the same attributes illustrated in 
the records of revelation ; and, in addition to these, we per- 
ceive what nature cannot teach us, that God is a Being of 
perfect and eternal rectitude, of inviolable faithfulness, of 
boundless benevolence ; ready to forgive, and rich in mercy 
to all who call upon him in truth : — a Being who fills im- 
mensity of space with his presence, who possesses the most 
intimate knowledge of all creatures and events throughout cre- 
ation, and who superintends all the movements of the material 
universe. To whatever scene of nature we direct our atten- 
tion, we find sentiments in scripture adequate to express 
every emotion of the soul while engaged in such contempla- 
tions. Are we contemplating the immense number and va- 
riety of animated beings which people the earth, the waters, 
and the air, and the ample provision made for their accommo- 
dation and subsistence — where can we find language more 
appropriate to express our, feelings than in these words of the 
Psalmist, " O Lord, how manifold are thy works, in wisdom 
hast thou made them all : the earth is full of thy riches ! So 
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is this great and wide sea, wherein are things creeping innu- 
merable, both small and great beasts.— -These wait aU upon 
thee ; that thou mayst^ive them their meat in due season 
That thou givest them — they gather; thou openest thy hand 
— 4hey are filled with good." When we survey the struc- 
ture of the human frame, and consider the vast number of 
bones, muscles, veins, arteries, lacteals, and other parts, all 
curigusly combined, performing such a variety of functions, 
and all contributing to life and enjoyment— can we refrain 
from adopting the expressive language of the Psalmist ? " I 
will praise thee ; for I am fearfully and wonderfully made : 
marvellous are thy works !— how precious are thy thoughts 
unto me, O God ! how great is the sum of them ! If I should 
count them they are more m number than the sand." When 
we consider the amazing structure of the heavens — the im- 
mense magnitude and number of the mighty orbs contained 
within the canopy of the sky — that millions upon millions of 
suns and worlds stretching into the immensity of space far be- 
yond the limits of our vision, or even of our imagination, form 
tmly a small portion of the universal empire of the Almighty ; 
and when the mind is overwhelmed and lost, on the view of 
this stupendous scene— where shall we find language to ex- 
press our emotions, more emphatic and appropriate, than in 
such passages as these ? " Canst thou by searching find out 
God ? Canst thou find out the Almighty unto perfection ? 
Great is our Lord and of great power : his understanding is 
infinite ; — his greatness is unsearchable. — The heavens de- 
clare the glory of God ; and the firmament showeth his handi- 
work. — All nations before him are as nothing; and they 
are counted to him less than nothing, and vanity — who doeth 
great things past finding out; yea, and wonders without 
number.— Great and marvellous are thy works, Lord God 
Almighty ! Who can utter the mighty acts of the Lord ? 
Who can show forth all his praise ?" 

In short, the man who recognises the truths of Divine re- 
velation must feel a higher degree of pleasure and satisfaction 
in contemplating the scenes of creation, than the man who 
either discards or overlooks the revelations contained in the 
sacred oracles. To a man who is hastening to the grave, un- 
certain whether his intellectual powers and consciousness 
shall exist beyond the limits of the present state— of what 
avail is it that he has acquired a partial knowledge of some 
of the departments of the visible world, when all his know- 
ledge shall be lost at the hour of dissolution, and no farther 
prospect remains of his ever again resuming such studies and 
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investigations, and of beholding the mysteries and wonders 
of the universe more fully unfolded ? He may be filled with 
wonder at many of the astonishing processes going forward in 
the animal, vegetable, and mineral kingdoms ; his mind may 
be overpowered with admiration and astonishment at the vast 
extent of the material universe, and at the myriads of worlds 
it contains, but he can entertain no hopes of seeing such won? 
drous scenes more fully unravelled and displayed in thejight 
of immortality* But the Christian, who looks forward to the 
nobler employments of a future world, may with certainty in* 
dulge in the hope that in the light of that worlcfc the veil 
which now intercepts our view of the wonders of creation 
will be removed, and the glories of the Divinity, as displayed 
in all his works, more fully unfolded. For the inhabitants of that 
world are represented as celebrating the perfections of the 
Most High in such strains as these— 44 Great and marvellous 
are thy works, Lord God Almighty !" evidently indicating 
that the veil is partially removed from the hidden scenes of 
creation, and their minds expanded to take in large and com- 
prehensive surveys of the wonders of the universe, so as to 
perceive them to be " great and marvellous." And again* 
they exclaim, "Thou art worthy, O Lord, to receive glory, 
and honour, and power ; for thou hast created all things, and 
for thy pleasure they are and were created." 
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